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1.  INTRODUCTION 

This  document  presents  the  results  of  analysis  of  a DOD 
geosynchronous  equatorial  payload  deployment  mission  utilizing  the  Space 
Shuttle  Vehicle  in  conjunction  with  the  Interim  Upper  Stage  (lUS).  The 
analysis  was  conducted  by  TRW  Defense  and  Space  Systems  Group  in 
support  of  the  DOD  STS  Mission  Operations  System  Definition  (MOSD) 
Study  (Contract  No.  F04701 -75 -C -0025) , 

1.1  BACKGROUND 

In  1980,  the  DOD  will  begin  to  utilize  the  Space  Transportation 
System  (STS)  to  accomplish  a variety  of  payload  deployment  missions. 

For  approximately  the  first  two  years  of  operation  (i.e.  , until  December 
1982)  all  DOD  missions  v/ill  be  launched  from  the  Kennedy  Space  Center 
(KSC).  NASA,  the  developing  agency  for  the  Space  Shuttle,  will  provide 
all  mission  planning  and  mission  control  functions  for  the  Orbiter  vehicle 
during  this  period.  Every  DOD -dedicated  mission  in  the  1980-82  time- 
frame  requires  use  of  the  lUS  to  place  the  satellite  payload  in  its  required 
orbit.  DOD,  the  developing  agency  for  lUS,  will  provide  the  mission 
planning  and  mission  control  functions  for  the  lUS  on  all  DOD  flights. 
Thus,  this  period  of  operations  (1980-82)  is  characterized  by  joint  DOD/ 
NASA  operations  for  accomplishment  of  DOD  mission  activities. 

The  DOD  Mission  Model  (Reference  1)  calls  for  lUS  missions  deploy 
ing  satellites  in  three  classes  of  mission  orbits:  (1)  geosynchronous, 

(2)  12-hr  elliptical,  and  (3)  12-hr  circular.  Representative  mission  plan 

are  being  generated  for  each  of  these  classes.  Other  types  of  DOD  lUS 
Missions  are  contained  in  the  Mission  Model,  but  do  not  impose  driving 
requirements  or  are  insufficiently  defined  to  warrant  detailed  analysis. 
The  geosynchronous  mission  plan  is  referred  to  as  Operations  Design 
Mission  A.  A specific  geosynchronous  payload  deployment  mission  has 
been  selected  to  represent  the  geosynchronous  class  of  missions.  The 
Operations  Design  Mission  A plan  presented  in  this  report  is  based  upon 
the  specific  requirements  associated  with  the  Defense  Support  Program 
'DSP)  Satellite.  Variations  to  the  mission  plan  required  by  the  Fleet 
Satellite  Communications  (FSC)  Program  are  also  identified. 
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1.2  OBJECTIVE 

One  of  the  principal  objectives  of  the  MOSD  study  is  to  define  the 
DOD  MOS  requirements  and  interfaces.  In  support  of  this  objective,  a 
set  of  DOD  STS  missions  has  been  identified  which  fully  represents  the 
mission  operations  requirements.  Detailed  mission  profiles  are  being 
developed  for  each  of  these  missions  with  major  emphasis  on  development 
of  operations  timelines.  Development  of  these  timelines  serves  the 
following  major  purposes: 

• establishes  confidence  in  the  ability  to  accomplish  the 
mission  as  planned, 

• identifies  limitations  in  the  NASA -developed  system 

(hardware  and  software)  which  may  compromise  \ 

achievement  of  DOD  mission  objectives,  : 

• identifies  support  requirements  imposed  on  the  DOD 
control  center  and  tracking  network, 

• identifies  significant  open  issues  whose  resolution  DOD 
needs  to  accomplish  or  monitor  in  order  to  ensure 
satisfaction  of  mission  objectives,  and 

• provides  a basis  for  development  of  the  DOD  mission 
operations  concept. 

An  integral  part  of  the  mission  profile  development  activity  is  the 
generation  of  the  Or  biter  and  lUS  trajectories.  By  means  of  this  trajectory  i 

planning  and  generation  function,  requirements  which  must  be  satisfied  by 

the  DOD  Conceptual  Mission  Design  and  lUS  Flight  Design  computer  pro-  ; 

grams  are  also  identified. 

1.3  SC  OPE 

In  developing  this  mission  profile  and  operations  plan,  considerable 
effort  has  been  devoted  to  the  collection,  validation,  and  integration  of  | 

past  and  current  analysis  results  with  the  ultimate  goal  of  producing  a I 

mission  plan  characterized  by  the  following: 

• satisfaction  of  all  known  DSP  mission  objectives  and 
constraints,  and 

• compatibility  with  the  evolving  NASA  mission  operations 
concepts . 

! 
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The  first  issue  of  this  report  (Reference  11)  was  based  upon  a 
generic  geosynchronous  payload  and  a generic  liquid  propellant  lUS.  This 
second  issue  of  the  Operations  Design  Mission  A document  concentrates 
on  the  development  of  a nominal  STS/DSP  mission  plan  for  an  arbitrarily 
selected  launch  date  and  utilizes  the  Boeing  solid  propellant  lUS.  Attitude 
schedules,  approximate  RCS/OMS  propellant  utilization  histories,  ground 
tracks,  ground  station  coverage  timelines,  and  basic  trajectory  data  have 
been  developed  to  support  both  the  MOSD  study  and  other  STS- related 
studies  which  require  representative  mission  data  in  support  of  tradeoff 
and  performance  analyses.  Principal  emphasis  is  placed  on  the  Orbiter/ 
payload  timeline  through  lUS  deployment  because  this  is  the  area  of  major 
DOD  concern. 

The  lUS  configuration  used  in  this  study  is  the  two- stage  Boeing 
proposal  configuration  (References  2 and  3).  lUS  deployment  operations 
are  based  on  the  results  of  lUS-related  working  group  meetings  as 
well  as  Reference  3. 
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2.  CONCLUSIONS,  OPEN  ISSUES,  AND  RECOMMENDATIONS 


2.1  CONCLUSIONS 

The  following  conclusions  have  resulted  from  the  Operations  Design 
Mission  A analysis. 

1.  All  known  DSP  requirements,  exclusive  of  deployment 
accuracy,  can  be  satisfied  with  currently  baselined 
Orbiter,  lUS,  and  Mission  Operations  System  capabil- 
ities. DSP  deployment  accuracy  requirements  were 
not  addressed  in  this  study. 

2.  All  known  ESC  requirements,  exclusive  of  deployment 
accuracy,  can  be  satisfied  with  currently  baselined 
Orbiter,  lUS,  and  MOS  capabilities . ESC  deployment 
accuracy  requirements  were  not  addressed  in  this 
study. 

3.  The  baseline,  fully  loaded,  two-stage  lUS  is  capable 
of  deploying  a DSP  satellite  at  any  specified  longitude 
as  follows : 

Transfer  Latest  Required  Transfer  Maximum  Longitude 
Type  Burn  Time,  hr,  GET  Error,  de~^ 


(3.5  hr) 

Long 
(9-11  hr) 

Short  or 
Long 


Exclusive  of  GN&C  errors. 

1.  The  DSP  requirement  to  establish  a specified  right 
ascension  of  the  ascending  node  of  the  final  orbit  can 
be  satisfied  with  the  baseline,  fully  loaded,  two -stage 
lUS  regardless  of  Orbiter  launch  time. 

5.  The  requirements  to  deploy  the  lUS/DSP  in  darkness 

and  to  issue  all  the  lUS  commands  from  ground  stations 
result  in  a daily  Orbiter  launch  window  of  approximately 
45  min.  By  imposing  this  launch  window,  the  deploy- 
ment constraints  can  be  satisfied  during  two  consecutive 
orbits . 
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6.  For  payload  weights  approaching  the  performance  limit  of 
the  lUS,  the  right  ascension  of  the  ascending  node  of  the 
Orbiter  parking  orbit  must  be  nearly  the  same  as  that  of 
the  final  payload  orbit.  This  imposes  a launch  window 
which  is  not  generally  compatible  with  the  window  imposed 
for  darkness  control.  Such  missions  are  unfeasible  unless 
a means  is  found  to  uncouple  the  darkness  and  station  pass 
requirements.  Two  possible  solutions  have  been  identified: 

1.  provide  continuous  lUS  commanding  capability  so 
that  deployment  need  not  be  accomplished  in  view 
of  ground  stations,  or 

2.  eliminate  the  darkness  constraint  on  deployment 
operations  by  means  of  orbiter  and/or  satellite 
subsystem  modifications. 

7.  The  earliest  that  deployment  of  the  lUS/DSP  or  lUS/FSC  can 
be  accomplished  by  a three -man  crew  is  an  support  of  the 
fourth  descending  node  lUS  transfer  burn  opportunity.  Crew 
skill  level  requirements  are  no  greater  than  those  expected 
to  be  developed  in  support  of  NASA  missions.  The  typical 
mission  plan  presented  in  this  report  is  based  upon  the 
fourth  ascending  node  lUS  transfer  burn  opportunity  in  order 
to  deploy  the  satellite  at  the  chosen  137  degree  longitude 

8.  Estimated  Orbiter  OMS  and  RCS  propellants  for  performance 
of  the  mission  are  well  within  OrlDiter  internal  propellant 
storage  capabilities. 

2.2  OPEN  ISSUES 

Several  key  open  issues  exist  with  regard  to  Operations  Design 
Mission  A. 

1 . The  operations  constraints  and  limitations  of  the 
Remote  Manipulator  System  are  not  well  understood. 
Constraints  (or  the_  absence  thereof)  on  Orbiter 
attitude  control  and  the  duration  of  RMS  operations 
are  key  considerations  in  developing  the  deployment 
timeline. 

2.  Safe  separation  distances  for  enabling  the  lUS  RCS 
and  SRM  are  undefined.  A distance  of  200  ft  has 
been  assumed  in  this  analysis  for  enabling  the  RCS 
and  10  nautical  miles  for  enabling  the  SRM.  Greater 
distances  would  require  modifications  to  the  oper- 
ations plan  and,  possibly,  to  the  Orbiter  and  lUS 
configurations . 
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3.  The  Orbiter  method  of  navigation  has  recently  been  changed 
from  onboard  to  ground-based  until  GPS  is  operational.  The 
accuracy  of  the  state  vector  transfer  to  the  lUS  and  the  time 
constraints  thereon  are  dependent  on  the  mechanization  of 
the  navigation  technique.  The  mechanization  is  not  fully 
defined  at  this  time. 

4.  lUS  GN&C  performance  characteristics  and  Orbiter  naviga- 
tion accuracy  are  not  firmly  defined  because  the  systems 
are  still  under  development.  Therefore,  analysis  of  satel- 
lite deployment  accuracy  has  not  been  performed.  The 
viability  of  the  mission  plan  is  dependent  on  the  results  of 
such  an  accuracy  analysis. 

Ability  to  satisfy  mission  accuracy  requirements  could 
potentially  be  affected  by  one  or  more  of  the  following 
mission  plan  characteristics. 

• The  time  available  to  derive  an  accurate  Orbiter  state 
vector,  on  the  ground,  and  transmit  it  to  the  Orbiter 

for  transfer  to  the  lUS  may  be  insufficient.  The  accuracy 
of  the  initial  state  vector  is  critical  to  the  lUS  navigation, 
onboard  targeting,  and  guidance  functions. 

• The  time  between  lUS  initialization  (attitude  and  state) 
by  the  Orbiter  and  the  first  lUS  burn  may  be  excessive. 
Degradation  in  state  and  attitude  determination  accuracy 
during  this  time  period  will  affect  the  accuracy  of  the 
lUS  onboard  targeting  and  guidance  functions. 

• The  time  between  the  first  and  second  lUS  burns  may 
be  excessive  should  a long  transfer  be  used.  Transfer 
coast  periods  up  to  11  hours  are  available,  but  degra- 
dation in  the  onboard  state  vector  accuracy  may  disallow 
use  of  such  trajectories. 

All  aspects  of  the  mission  plan  from  initiation  of  deployment 
operations  to  completion  of  the  satellite  deployment  could  be 
akected  by  the  results  of  an  accuracy  analysis. 

5.  lUS  SRM  effluent  dynamics  and  their  effects  are  unknown. 
These  characteristics  will  influence  the  required  separation 
for  contamination  avoidance  between  the  Orbiter  and  IPS  for 
performance  of  the  lUS  transfer  burn.  The  dynamics  of  the 
SRM  effluents  will  also  affect  the  targeting  of  the  SRM  burns 
and  subsequent  operations  to  avoid  satellite  contamination. 

6.  The  maximum  .allowable  time  between  lUS  deployment  and 
completion  of  the  mission  is  not  clearly  defined.  Battery 
power,  RCS  propellant  and  overall  vehicle  reliability  may 
lim't  the  acceptable  mission  duration. 
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2 . 3 REC OMMENDATIONS 

The  following  recommendations  have  resulted  from  the  Operations 
Design  Mission  A analysis. 

1 . It  is  recommended  that  an  RF  link  be  implemented 
between  the  Or  biter  and  lUS.  This  link  would  be 
used  to  issue  deployment -related  commands  to  the 
lUS.  The  link  would  also  be  used  to  verify  trans- 
mitter operation  prior  to  lUS  release  from  the  RMS. 

Implementation  of  this  recommendation  would  greatly 
enhance  the  flexibility  of  the  mission  plan  by  removing 
the  dependence  on  ground  station  passes.  It  would 
also  increase  the  Orbiter  launch  window  on  the  DSP 
mission  from  45  min  to  nearly  24  hr.  It  would  also 
facilitate  numerous  contingency  lUS/DSP  deployment 
opportunities  rather  than  only  one  as  provided  with 
the  baseline  capability.  Finally,  it  would  provide 
the  capability  to  perform  geosynchronous  missions 
in  which  the  satellite  weight  approaches  the  per- 
formance limit  of  the  lUS.  These  missions  are 
currently  considered  unfeasible  as  discussed  in 
Section  2.1.6. 

2.  It  is  recommended  that  analyses  be  conducted  to  close 
the  open  issues  cited  in  Section  2.2.  The  resolution 
of  these  issues  may  have  significant  impacts  on  DOD 
flight  operations  and  planning.  Thus,  early 
resolution  would  facilitate  planning  for  early  DOD 
STS  flights. 
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3.  MISSION  DESIGN 


This  section  presents  the  Operations  Design  Mission  A requirements, 
describes  the  nominal  mission  profile,  and  presents  the  supporting  ration- 
ale for  development  of  the  mission  plan.  Figures  3-1  and  3-2  present 
overviews  of  the  major  Orbiter  and  lUS  operations  in  support  of  this 
mission.  Throughout  the  following  discussion,  the  term  "payload  ' is 
used  to  mean  both  the  lUS  and  the  attached  satellite,  but  does  not  include 
the  supporting  payload  equipment  w'hich  is  not  deployed  from  the  Orbiter. 
DSP  and  lUS  data  were  taken  from  References  2 through  5. 

3.1  MISSION  REQUIREMENTS  AND  DESCRIPTION 

3.1.1  Mission  Requirements 

The  objective  of  Operations  Design  Mission  A is  to  deploy  one  DSP 
satellite  in  a geosynchronous,  nearly  equatorial  orbit  as  specified  in 
Table  3-1.  A launch  date  of  1 January  1981  is  arbitrarily  defined  and  does 
not  necessarily  represent  a currently  planned  DSP  launch.  The  require- 
ments for  inclination  and  right  ascension  of  the  ascending  node  result  from 
a desire  to  control  the  variation  in  orbital  inclination  during  the  satellite's 
lifetime.  Because  of  solar  and  lunar  perturbations  on  the  satellite's  orbit, 
the  inclination  is  a time-varying  parameter.  DSP  requires  that  the  orbit 
inclination  not  exceed  3 deg  during  the  5 -year  lifetime  of  the  satellite. 
Analysis  has  shown  that  the  inclination  will  not  exceed  3 deg  if  the  initial 
orbital  inclination  is  near  3 deg  and  the  right  ascension  of  the  ascending 
node  is  in  the  range  of  250  deg  to  340  deg  (Reference  6),  Selection  of  a 
nominal  target  inclination  of  2.1  deg  and  an  ascending  node  at  292  deg 
for  a 1981  launch  allows  a great  tolerance  for  error  in  establishing  the 
deployment  inclination  (Reference  6).  The  desired  DSP  deployment 
longitude  is  representative  and  does  not  necessarily  reflect  an  actual  DSP 
operational  location. 

The  launch  time  of  14  hr  50  min  GMT  was  chosen  to  satisfy  simul- 
taneous lighting  and  ground  station  pass  requirements.  These  require- 
ments are  satisfied  on  tw  o consecutive  revolutions  even  if  the  launch 
occurs  up  to  45  min  later  than  planned. 
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3.1.2  Mission  Description 

The  Shuttle  ascent  phase  begins  when  the  thrust  builds  up  to  equal  ■ 

vehicle  weight  which  occurs  at  exactly  14  hr  50  min  GMT  and  defines 
GET  = 0.  It  ends  at  OMS  insertion  into  the  55-  150-  n.mi.  orbit  at  a 

28.5  deg  inclination.  Mission  events  are  suminarized  in  Section  4.  The 
ascent  will  be  standardized  to  agree  with  NASA  design  for  any  due  east 
launch.  Event  schedules  and  trajectory  shaping  will  then  depend  pri- 
marily on  payload  weight. 

In  this  mission,  the  subphases  of  ascent  are  vertical  rise,  roll, 
and  pitch,  open  loop  steering,  SRB  cut-off,  closed  loop  SSMJC  thrust, 

ET  separation,  coast,  and  OMS  insertion  burn  (OMS-1). 

At  liftoff,  the  three  SSME's  and  two  SRB's  are  on;  the  three  SSME's 
are  throttled  to  the  100%  power  level.  The  SSME's  are  throttled  up  to  ! 

109%  beginning  3.5  seconds  after  liftoff. 

The  roll  and  pitch  phase  lasts  until  16  sec.  The  roll  angle  is  pre- 
determined by  the  launch  azimuth,  and  the  pitch  kick  is  chosen  to  provide  1 

good  initial  conditions  for  the  open-loop  steering  phase.  During  this 
phase,  the  roll  maneuver  is  limited  by  the  maximum  angular  acceleration 
constraint.  The  first-stage  steering  was  designed  to  maximize  performance 
within  structural  loads  and  flight  control  constraints. 

During  the  open  loop  steering  phase,  a modified  gravity  turn  in  pitch 
is  used  without  yaw  steering.  The  NASA -developed  standard  pitch  angle- 
of-attack  and  SSME  throttle  profiles  are  flown  through  the  maximum 
dynamic  pressure  (Q)  region.  These  profiles  are  summarized  in 
Appendix  A (.Eigure  A-1  and  A-2). 

At  115.6  sec,  the  expended  SRB's  are  jettisoned;  the  resultant  impact 
point  is  28,6  deg  North  lat,  78.0  deg  West  long. 

The  closed-loop  steering  phase  begins  after  SRB  jettison  using 
Generalized  Linear  Tangent  (GLT)  guidance.  SSME  thrust  is  maintained 
at  the  maximum  power  level  until  235  sec  GET,  then  reduced  to  100%. 

The  target  MSCO  conditions  are  the  standard  set  used  for  all  DOD  and 
NASA  KSC  launches  (Appendix  A,  Table  A-5). 
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MECO,  the  point  at  which  the  SSME's  are  shutdown,  occurs  at 
8 min  9 sec  with  a conic  apogee  of  81.0  n.mi.  and  perigee  of  15  n.mi. 

The  propellant  residual  is  44,400  lb. 

Eleven  seconds  after  MECO,  the  external  tank  is  jettisoned  and  the 
RCS  engines  are  used  to  add  4 ft/sec  in  the  -Z  (heads-up)  direction  with 
a 5-  sec  burn.  The  free-falling  ET  breaks  up  during  reentry  with  the 
center  of  mass  impacting  at  28.6  deg  South  latitude  and  83.3  deg  East 
longitude.  The  RCS  translate  is  followed  by  a 20-sec  coast. 

The  two  OMS  engines  are  ignited  at  08:45  GET  with  the  closed-loop 
guidance  steering  the  vehicle  to  the  target  orbit.  The  OMS  burn  terminates 
when  the  target  is  reached  at  10  min  40  sec  GET.  The  ME  propellant 
dumping  is  initiated  during  this  OMS  burn  and  is  described  in  Appendix  A. 

Following  OMS  engine  shutdown  in  the  55-  X 150-  n.mi.  orbit,  the 
crew  configures  the  Orbiter  for  on-orbit  operations  while  coasting  to  the 
first  apogee.  The  first  apogee  is  reached  34  min  after  insertion,  at  which 
time  a 174  ft/sec  OMS  burn  lasting  1 min  35  sec  is  performed  to  circu- 
larize the  orbit  at  150  n.mi.  This  orbital  altitude  has  been  adopted  by 
joint  DOD/NASA  agreement  as  a standard  value  for  study  purposes. 

Following  the  circularization  maneuver,  the  payload  bay  doors  are 
opened  and,  except  for  the  short  periods  of  time  when  specific  attitudes 
are  required,  the  payload  bay  is  continuously  pointed  earthward  for  pay- 
load  thermal  control  and  communication  purposes. 

Following  the  payload  bay  door  opening,  lUS/DSP  deployment  activi- 
ties are  initiated.  The  earliest  release  of  the  lUS  is  scheduled  to  be  com- 
pleted by  2 hr  43  min  GET  so  that  the  first  lUS  burn  can  be  performed  in 
the  vicinity  of  the  fourth  ascending  node  (5  hr  42  min  GET). 

Preparation  of  the  lUS  for  deployment  is  performed  onboard  the 
Orbiter  and  includes  alignment  of  the  lUS  inertial  reference  and  updating 
of  the  lUS  state  vector.  DSP  and  lUS  telemetry  data  are  transmitted  to  the 
ground  dui  ing  the  HTS  and  VTS  remote  tracking  station  passes;  approxi- 
mately 12  min  are  allowed  for  telemetry  readout.  Communication  between 
the  DSP  and  RTS  ground  stations  is  performed  independent  of  the  Orbiter 
and  lUS  comiTiunication  systems  and  is  required  during  all  station  passes 
after  the  payload  bay  doors  are  opened.  A minimum  of  5 min  of  each  pass 
is  allocated  to  DSP  telemetry  transmission. 
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Following  completion  of  all  checkout  and  preparation  operations, 
the  lUS  is  deployed  using  the  Remote  Manipulator  System  (RMS).  Orbiter 
attitude  is  inertially  stabilized  prior  to  initiating  RMS  deployment  operations. 
During  RMS  deployment  through  lUS  release,  all  Orbiter  attitude  control 
is  disabled.  RMS  operations  will  be  performed  in  darkness  to  protect  the 
satellite  from  exposure  to  direct  sunlight  and  to  preclude  light  reflected 
from  the  DSP  impairing  the  crew's  vision.  Just  prior  to  lUS  release,  the 
lUS  transmitter  is  turned  on  and  verified  through  GTS. 

Shortly  after  the  lUS  is  released  (at  2:46  GET)  the  Orbiter  performs 
a 4-fps  RCS  translate  in  the  forward  direction.  Following  this  Orbiter-IUS 
separation  burn,  the  Orbiter  is  oriented  such  that  the  Orbiter/lUS  line-of- 
sight  through  the  upper  observation  windows  is  maintained.  In  order  to 
provide  the  required  DSP  thermal  control,  the  lUS  must  perform  thermal 
maneuvers  within  20  min  after  entering  sunlight.  The  lUS  attitude  con- 
trol system  is  enabled  at  02:59  GET  from  HTS  after  the  Orbiter  has 
moved  away  to  a safe  separation  distance  (presently  undefined,  but  assumed 
to  be  500  ft).  Forty-five  minutes  after  the  Orbiter  separation  burn,  a 
separation  distance  of  5.9  n.mi.  is  achieved  at  which  time  an  Orbiter  cir- 
cularization burn  is  performed.  At  this  point  in  the  mission,  the  Orbiter 
becomes  relatively  inactive  (for  DOD  mission  planning  purposes)  while 
waiting  for  its  earliest  deorbit  opportunity  which  occurs  about  17  hr.  later. 

The  active  portion  of  the  lUS  mission  begins  at  2:59  GET  when  the 
RCS  enabling  commands  are  transmitted  from  HTS.  At  approximately  4:15 
GET  (1  hr  29  min  after  the  4-fps  Orbiter  RCS  translate)  the  lUS  SRM 
enabling  commands  are  transmitted  from  GTS.  Approximately  2 hr  59 
min  after  the  4-fps  Orbiter  RCS  translate,  the  lUS  arrives  at  the  fourth 
ascending  node  burn  opportunity.  lUS  transfer  burn  ignition  occurs  3 min 
after  the  equator  crossing  at  5:45  GET.  The  transfer  burn  is  performed  in 
a fixed  inertial  direction  and  lasts  2 min  27  sec.  As  soon  as  the  burn  is 
terminated,  the  lUS  is  maneuvered  to  the  velocity  correction  attitude 
and  a velocity  correction  (if  required)  is  made  using  the  lUS  RCS. 
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During  the  post-transfer  burn  coast  period  which  lasts  3.30  hr, 
the  lUS/DSP  is  put  into  a slow -roll  maneuver  with  a minimum  rate  of 
0.75  deg/sec  oriented  such  that  the  longitudinal  axis  is  maintained  normal 
(±30  deg)  to  the  solar  vector  to  satisfy  DSP  thermal  constraints.  The 
attitude  and  maneuver  rate  may  be  interrupted  for  periods  of  up  to  14  min 
for  the  purpose  of  transmitting  telemetry  data  to  the  ground  or  performing 
an  lUS  burn.  There  will  be  no  more  than  six  dip-outs  and  no  less  than  30 
min  between  two  consecutive  dip-outs.  The  transfer  orbit  satisfies  the 
DSP  constraint  that  the  maximum  duration  of  the  earth/sun  eclipse  from 
injection  into  transfer  orbit  to  DSP  separation  is  45  min.  During  this 
coast,  the  DSP  transmits  telemetry  data  continuously. 

The  lUS  circularization  burn  ignition  occurs  at  09:07  GET  and  lasts 
1 min  42  sec.  The  lUS  first  stage  is  separated  just  prior  to  this  burn. 

The  circularization  burn  is  performed  such  that  subsequent  operations 
do  not  carry  the  lUS/DSP  through  the  effluent  cloud  from  the  lUS  solid 
motor  burn.  This  burn  establishes  a geosynchronous  orbit  over  a particular 
earth  longitude.  Following  the  circularization  burn,  the  lUS  maneuvers 
to  the  RCS  velocity  correction  attitude  and  a velocity  correction  (if  required) 
is  made  using  the  lU S RCS. 

After  circularizing  at  synchronous  altitude,  the  lUS  coasts  for 
approximately  5 min  and  orients  its  longitudinal  axis  within  ± 30  deg  of  the 
positive  velocity  vector.  lUS  angular  rates  are  reduced  to  less  than  0.  5 
deg/sec  about  each  axis  prior  to  DSP  separation.  Separation  occurs  at 
a time  such  that  there  is  no  earth/sun  eclipse  for  2 hr  prior  to  and  2 hr 
after  the  event.  Separation  is  scheduled  such  that  two  RTS  stations  are 
within  line-of-sight  of  the  satellite  beginning  at  least  15  min  prior  to 
separation.  The  satellite  must  be  at  least  5 deg  away  from  the  sunline  to 
at  least  one  of  these  RTS's.  The  DSP  further  constrains  the  mission  by 
requiring  the  moon,  as  seen  from  the  spacecraft,  to  be  greater  than  three 
degrees  from  Ihe  earth's  horizon  in  the  first  and  second  earth  acquisition 
corridors  following  spacecraft  deployment.  The  acquisition  corridors 
are  defined  as  the  periods  between  5:30  and  6:30  AM  and  between  5:30  and 
6:30  PM  local  time  at  the  satellite  subpoint. 
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All  lUS  thruster  operations  are  inhibited  just  prior  to  satellite  separation 
and  a spring-induced  relative  separation  velocity  of  1 ±0,3  ft/sec  is 
imparted  when  the  satellite  is  released.  Following  satellite  separation, 
the  lUS  performs  a post- separation  mcineuver  to  prevent  the  lUS  from 
colliding  with  the  satellite  and  from  passing  within  the  line  - of- sight 
between  the  satellite  and  the  earth  in  subsequent  orbits.  The  lUS  is 
then  deactivated. 

Approximately  11  hr  after  the  lUS  completes  its  mission,  the 
Orbiter  reaches  its  nominal  deorbit  opportunity.  The  nominal  opportunity 
is  selected  to  be  the  first  deorbit  opportunity  to  KSC  (following  lUS 
deployment  and  after  a crew  rest  period)  having  a crossrange  requirement 
of  500  n.mi.  or  less.  This  opportunity  occurs  at  20  hr  15  min  GET.  The 
desired  entry  interface  conditions  were  obtained  from  Reference  7 and 
are  shown  in  'T’able  3-2. 

The  deorbit  burn  is  nominally  performed  using  two  OMS  engines; 
however,  the  maneuver  must  be  designed  to  allow  the  burn  to  be  success- 
fully performed  with  only  one  OMS  engine.  The  nominal  deorbit  maneuver 
is  a 297  ft/sec  retrograde  OMS  burn.  The  burn  lasts  2 min  11  sec  and 
entry  interface  (400-  Kft  altitude)  is  reached  22  min  44  sec  after  burn 
termination.  An  out-of-plane  AV  component  may  be  added  to  the  burn 
to  reduce  excess  OMS  propellant. 

3.2  MISSION  DESIGN  ALTE  RNATIVES/ TRADEOFF  ANALYSES 

Two  tradeoff  analyses  were  performed  during  the  mission  analysis. 

1.  lUS  Trajectory  Selection 

2.  Deployment  Operations  Timeline 
3.2.1  lUS  Mission  Design  Tradeoff  Analysis 

The  first  tradeoff  analysis  performed  in  developing  the  mission 
design  was  concerned  with  the  time  of  the  first  lUS  burn.  If  the  lUS  were 
sized  for  the  DSP  mission,  the  first  burn  would  occur  at  a node,  and  the 
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second  burn  would  occur  180  deg  away.  The  plane  changes  associated 
with  the  burns  would  be  2,1  deg  and  24.3  deg,  respectively.  For  such  a 
Hohmann  transfer,  the  following  impulsive  A V s are  needed: 

AV.  = 8032  ft/sec  and  = 5663  ft/sec 

1 2 

and  the  right  ascension  of  the  ascending  nodes  of  the  Orbiter  parking  orbit 
and  lUS  target  orbit  must  coincide.  The  two-stage  lUS  with  the  character- 
istics shown  in  Appendix  A would  develop  such  AV's  for  a satellite  weigh- 
ing about  5300  lb.  For  the  much  lighter  DSP,  the  lUS  will  impart  the 
following  AV's: 

AV  = 9079  ft/sec  and  AV„  = 7952  ft/sec 
1 2 

To  accommodate  this  excess  performance,  a non-optimal  transfer  is 
employed  which  opens  up  the  departure  point  into  a wide  window  and 
allows  transfer  from  parking  orbits  with  any  value  of  the  right  ascension 
of  the  ascending  node.  For  calculating  these  non- optimum  transfers, 
conic  trajectories  and  impulsive  burns  were  used.  The  results  for  DSP 
are  shown  in  Figures  3-3  through  3-14  for  the  chosen  launch  time  which 
yields  a 151.81-  deg  parking  orbit  right  ascension  of  the  ascending  node. 

Figure  3-3  shows  the  departure  window  for  Mission  A with  the 
described  lUS,  The  figure  identifies  the  geometry  of  all  possible  transfer 
trajectories  and  forms  the  basis  for  all  subsequent  figures.  The  abscissa 
of  Figure  3-3  is  the  time  of  the  first  lUS  burn  on  the  parking  orbit  measured 
from  ‘■.he  fourth  ascending  node  of  the  parking  orbit.  Negative  times 
indicate  positions  before  reaching  the  node.  The  ordinate  is  the  angular 
position  of  the  second  lUS  burn  measured  from  the  point  where  the  parking 
orbit  ascends  through  the  target  orbit  plane  (lower  node).  Less  than  180 
deg  indicates  that  insertion  is  done  before  reaching  the  upper  node  (where 
the  parking  orbit  descends  through  the  target  orbit  plane).  These  nodes 
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are  illustrated  in  Figure  3-15,  The  Hohmann  transfer  would  transfer 
the  satellite  from  the  lower  node  to  the  upper  node.  A gap  around  the 
lower  node  indicates  that  near-Hohmann  transfers  are  not  possible.  The 
figure  shows  a discontinuous  departure  window  of  several  minutes  length 
instead  of  the  single  point  characteristic  of  a Hohmann  transfer.  Two 
transfer  trajectories  are  available  at  every  point  in  the  departure 
window  except  the  extremities. 

Figure  3-4  presents  the  longitudes  at  final  orbit  insertion  resulting 
from  transfers  initiated  in  the  vicinity  of  the  fourth  ascending  node.  The 
abscissa  of  this  and  all  subsequent  figures  is  the  time  of  the  first  lUS 
burn  in  m'nutes,  measured  from  the  equatorial  crossing  (i.e.,  fourth 
ascending  node),  just  as  it  was  on  Figure  3-3.  The  " + " m.T.rkers  identify 
those  trajectories  which  have  their  injection  point  beyond  the  upper  node 
(compare  with  Figure  3-3)  and  provide  the  means  for  obtaining  con- 
sistent data  sets  from  the  subsequent  plots  which  show  multiple  solutions 
at  each  time  point. 

Figures  3-5  through  3-14  show  the  main  characteristics  of  the  possi- 
ble transfer  orbits  as  a function  of  the  time  of  the  first  lUS  burn  relative 
to  the  fourth  ascending  node.  Figure  3-5  presents  the  inclinations  of  the 
possible  transfer  orbits.  Figure  3-6  presents  the  difference  between  the 
right  ascension  of  the  ascending  node  of  the  transfer  orbit  and  that  of  the 
parking  orbit.  (The  right  ascension  of  the  ascending  node  of  the  parking 
orbit  depends  on  the  launch  time  and  azimuth.  ) 

Figure  3-7  shows  the  central  angles  between  the  first  and  second 
lUS  burns  which  start  with  well  over  180-  deg  values  but  decrease  rapidly 
in  the  departure  window. 

Figure  3-8  presents  the  transfer  times  which  are  about  three  times 
higher  wlien  departure  is  made  before  reaching  the  target  orbit  plane. 

Figure  3-9  shows  the  perigee  altitudes  of  the  transfer  orbits.  The 
solid  part  of  the  curves  depicts  those  trajectories  on  which  the  lUS  passes 
through  perigee  during  the  transfer  coast.  The  dotted  line  depicts  those 
trajectories  which  start  beyond  their  perigees. 
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second  burn  would  occur  180  deg  away.  The  plane  changes  associated 
with  the  burns  would  be  2.1  deg  and  24.3  deg,  respectively.  For  such  a 
Hohmann  transfer,  the  following  impulsive  A Vs  are  needed; 

AV.  = 8032  ft/sec  and  = 5663  ft/sec 

1 <- 

and  the  right  ascension  of  the  ascending  nodes  of  the  Orbiter  parking  orbit 
and  lUS  target  orbit  must  coincide.  The  two-stage  lUS  with  the  character- 
istics shown  in  Appendix  A would  develop  such  AV's  for  a satellite  weigh- 
ing about  5300  lb.  For  the  much  lighter  DSP,  the  lUS  will  impart  the 
following  AV's: 

AV,  = 9079  ft/sec  and  AV„  = 7952  ft/sec 
1 2 

To  accommodate  this  excess  performance,  a non-optimal  transfer  is 
employed  which  opens  up  the  departure  point  into  a wide  window  and 
allows  transfer  from  parking  orbits  with  any  value  of  the  right  a scansion 
of  the  ascending  node.  For  calculating  these  non-optimum  transfers, 
conic  trajectories  and  impulsive  burns  were  used.  The  results  for  DSP 
are  shown  in  Figures  3-3  through  3-14  for  the  chosen  launch  time  which 
yields  a 151.81-  deg  parking  orbit  right  a scension  of  the  ascending  node. 

Figure  3-3  shows  the  departure  window  for  Mission  A with  the 
described  lUS.  The  figure  identifies  the  geometry  of  all  possible  transfer 
trajectories  and  forms  the  basis  for  all  subsequent  figures.  The  abscissa 
of  Figure  3-3  is  the  time  of  the  first  lUS  burn  on  the  parking  orbit  measured 
from  *:he  fourth  ascending  node  of  the  parking  orbit.  Negative  times 
indicate  positions  before  reaching  the  node.  The  ordinate  is  the  angular 
position  of  the  second  lUS  burn  measured  from  the  point  where  the  parking 
orbit  ascends  through  the  target  orbit  plane  (lower  node).  Less  than  180 
deg  indicates  that  insertion  is  done  before  reaching  the  upper  node  (where 
the  parking  orbit  descends  through  the  target  orbit  plane).  These  nodes 

The  lUS  SRM's  cannot  thrust  terminate  before  propellant  depletion. 
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Figure  3-10  shows  the  apogee  altitudes  of  the  transfer  orbits.  In 
the  earlier  portion  of  the  departure  window,  the  solid  curves  represent 
trajectories  on  which  the  lUS  passes  through  apogee  prior  to  the  second 
burn.  These  apogees  are  3200  to  5900  n.mi.  higher  than  the  desired 
final  orbital  altitude  and  explain  the  higher  transfer  times  in  the  earlier 
portion  of  the  window  of  Figure  3-7.  In  the  later  portion  of  the  window, 
the  apogees  are  not  travelled  through,  and  the  transfer  times  are  much 
lower. 

Figure  3-11  presents  the  pitch  angle  for  the  first  impulsive  burn. 

A comparison  of  Figures  3-11  and  3-9  shows  that  the  pitch  angle  must  be 
negative  for  transfer  trajectories  which  contain  perigee. 

Figure  3-12  shows  the  yaw  angle  for  the  first  impulsive  burn.  Yaw 
is  measured  in  the  usual  local  horizontal  system,  positive  clockwise.  A 
comparison  of  Figure  3-12  and  3-5  indicates  that  positive  yaw  angles 
reduce  the  inclination  of  the  transfer  orbit  below  the  inclination  of  the 
parking  orbit  (28.5  deg)  for  the  ascending  node  case  illustrated.  The 
opposite  is  true  for  descending  nodes. 

Figure  3-13  shows  the  pitch  angle  for  the  second  burn.  Pitch  is 
positive  in  the  earlier  portion  of  the  departure  window  in  correspondence 
with  Figure  3-10  which  shows  that  insertion  occurs  after  passing  through 
apogee.  In  the  later  portion  of  the  window,  the  opposite  occurs. 

Figure  3-14  presents  the  yaw  angle  for  the  second  burn.  Yaw  is 
always  negative  for  the  illustrated  case  in  which  transfer  originates  in 
the  vicinity  of  an  ascending  node.  The  opposite  is  true  for  a descending 
node  transfer. 

The  selection  of  a transfer  trajectory  from  the  departure  window 
can  be  based  on  many  considerations;  in  the  case  of  the  DSP,  it  was  based 
on  a requirement  to  insert  the  satellite  into  its  final  orbit  at  a given 
longitude  (137  deg  W),  To  achieve  insertion  at  137  deg  W,  two  transfer 
trajectories  are  available  (Table  3-3).  There  are  no  clear  advantages; 
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however,  if  the  first  case  is  chosen  as  a nominal  mode,  then  the  second 
case  can  serve  as  a backup  mode  because  the  burn  starts  later  for  the 
second  case.  In  the  absence  of  an  error  analysis,  the  first  trajectory 
has  been  chosen  for  Mission  A.  The  tolerance  on  the  right  ascension 
(90  ) and  the  tolerance  on  the  DSP  longitude  (±6*^)  opens  up  the  departure 
window  to  9 minutes  if  departure  is  made  in  the  vicinity  of  the  fourth 
ascending  node. 

After  the  selection  of  the  transfer  burn  time,  a precision  solution 
accounting  for  gravitational  perturbations  and  finite  burns  was  generated. 
Table  3-4  shows  the  parameters  of  the  transfer  trajectory  resulting 
from  the  precision  simulation. 

Tables  3-3  and  3-4  show  that  the  conic  approximation  has 
yielded  very  good  initial  values.  Neither  the  transfer  time  nor  location 
has  to  be  significantly  changed  in  order  to  account  for  the  finite  burn  time 
and  gravity  perturbations.  The  orbital  parameters  agree  reasonably  well. 

Two  supplementary  analyses  have  been  performed.  The  first  deter- 
mined the  duration  of  the  departure  window  given  that  the  target  right 
ascension  of  the  ascending  node  is  free  to  vary  in  the  range  of  250  deg 
to  340  deg.  The  second  analysis  determined  the  accessible  satellite 
deployment  longitudes  as  a function  of  the  node  near  which  the  transfer 
burn  is  performed. 

Figure  3-18  illustrates  the  departure  window  for  short  duration 
transfers  in  the  vicinity  of  the  fourth  ascending  node.  Solutions  to  target 
orbits  having  right  ascensions  of  the  node  of  250,  280,  310  and  340  deg 
are  shown.  For  a desired  satellite  deployment  longitude  of  137  deg,  it 
is  apparent  that  as  the  figure  moves  from  the  Q=  250  deg  position  to  the 
Q = 340  deg  position,  all  possible  solutions  will  lie  in  a continuous  time 
span  of  4.  1 minutes.  This  is  labelled  Atj  in  Figure  3-18.  If  the  ± 6 deg 
tolerance  on  satellite  deployment  longitude  is  considered,  then  a contin- 
uous time  span  of  9 minutes,  labelled  is  available  in  which  there  is 

always  a solution. 
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Figure  3-19  shows  the  analogous  situation  for  long  duration  trans- 
fers. The  departure  window  is  illustrated  in  a general  fashion  with  the 
desired  deployment  longitude  bisecting  the  figure  when  0 equals  340  deg. 

As  Q changes  from  340  to  250  deg,  two  departure  intervals  are  generated. 
These  are  labelled  and  At^  and  are  2.45  min  and  2. 20  min  in  duration, 
respectively.  If  the  ±6  degree  tolerance  on  deployment  longitude  is 
considered,  then  solutions  are  found  in  a continuous  time  span  of  9.4  min 
which  is  labelled  At^  in  the  figure. 

This  analysis  shows  that  the  freedom  allowed  in  selecting  both  the 
deployment  longitude  and  the  right  ascension  of  the  ascending  node  for 
the  DSP  m-ssion  permits  the  first  lUS  burn  to  the  performed  anywhere 
within  a particular  time  span  rather  than  at  a few  discrete  points. 

To  investigate  the  feasible  longitude  coverage  by  lUS,  departure 
windows  were  also  generated  for  the  4-th  descending  and  the  5-th 
descending  nodes.  Only  the  insertion  longitudes  changed  (Figures  3-4, 
3-16  and  3-17.)  Next,  the  longitude  zones  of  Figures  3-4,  3-16  and  3-17 
were  extrapolated  to  include  all  possible  burn  opportunities  during  the 
first  two  days  of  the  mission.  In  performing  this  extrapolation,  it  was 
assumed  that  safety  considerations  required  the  Orbiter  crew  to  be 
awake  during  the  first  lUS  burn.  The  extrapolation  includes  the  maximum 
-allowable  crew  sleep  cycle  shift  of  1 hr/day  as  recommended  by  NASA. 

Figure  3-20  shows  that,  if  only  short  duration  transfers  ( ~ 3.5  hr) 
are  used,  all  longitudes  are  accessible  within  4.5  deg  by  the  19th  descending 
node  burn  opportunity  (27,  5 hr  GET).  If  long  transfers  (9  to  11  hr)  are 
used,  all  longitudes  are  accessible  by  the  19th  descending  node  (27.5  hr 
GET).  Long  transfers  can  be  expected,  however,  to  result  in  larger 
dispersions  in  satellite  deployment  orbit  parameters. 


Effect  of  the  nodal  regression  was  too  small  to  show  on  the  other  graphs. 
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A significant  result  of  this  analysis  is  that,  if  both  long  and  short 
transfers  are  acceptable  to  a payload,  all  longitudes  are  accessible  within 
±6.5  deg  by  the  7th  descending  node  which  occurs  only  9.5  hr  after  liftoff. 
This  compares  favorably  with  the  stated  DSP  requirement  of  ±6  deg. 

These  results  are  peculiar  to  the  DSP  mission,  because  they  are 
dependent  on  satellite  weight.  In  general,  lighter  satellites  are  capable 
of  reaching  wider  regions  of  longitude  from  each  node  and  heavier  pay- 
loads  have  a lesser  longitude  placement  capability. 

3.2.2  Crew  Activities  Timeline  Tradeoff  Analysis 

The  second  tradeoff  analysis  was  performed  for  the  purpose  of  deter- 
mining the  best  solution  to  the  conflicting  operational  constraints  imposed 
on  the  Crew  Activities  Timeline  during  the  time  period  between  Orbiter 
payload  bay  doors  opening  and  enabling  lUS  attitude  control  (following 
lUS/DSP  release  from  the  Orbiter).  The  following  constraints  were 
considered. 

1.  It  is  highly  desirable  to  activate,  verify  operation, 
deploy,  and  release  the  lUS/DSP  as  early  as  possible 
in  the  flight,  consistent  with  longitude  placement 
requirements,  because  of  DSP  thermal  control  con- 
siderations. (References  2,  3,  and  5). 

2.  Deployment  of  the  lUS/DSP  must  be  accomplished  in 
darkness  in  order  for  the  crew  to  visually  perform  the 
task  in  a safe  manner.  In  sunlight,  the  highly  reflective 
exterior  of  the  DSP  would  interfere  with  the  visibility 

of  the  crew.  DSP  thermal  control  constraints  also  must 
be  considered  (see  Item  6). 

3.  The  time  between  the  release  of  the  lUS  from  the  pay- 
load  bay  mounting  cradle  and  the  Orbiter  separation 
burn  must  be  minimized  because  during  this  time  period 
the  Orbiter  attitude  control  is  inhibited  and  the  Orbiter 
and  lUS  are  free  to  rotate  as  an  assembly  or  independently 
(following  lUS/DSP  release). 
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4.  The  lUS  transmitter  must  be  turned  on  by  an  RTS  command 
and  the  operation  of  the  transmitter  must  be  verified 

by  an  RTS  while  the  lUS/DSP  is  outside  of  the  payload 
bay  with  the  RMS  attached  (Reference  4). 

5.  The  maximum  delta  velocity  for  the  Orbiter  separation 
is  4 ft/sec  to  minimize  the  contamination  hazard  to 
the  DSP  satellite. 

6.  After  the  lUS/DSP  is  released  from  the  RMS,  the  lUS 
attitude  control  system  must  be  enabled  within  20  min 
after  entering  sunlight  in  order  to  provide  thermal 
attitude  maneuvers  for  the  DSP  (Reference  5). 

7.  The  lUS  attitude  control  cannot  be  enabled  until  a safe 
separation  distance  (200  ft,  assumed)  is  achieved 
between  the  Orbiter  and  lUS/DSP.  The  lUS  SRM  can 
not  be  armed  until  the  Orbiter  and  lUS/DSP  achieve  a 
safe  separation  distance  (10  n.mi.  assumed). 

8.  The  RTS  ground  station  availability  is  trajectory  fixed 
by  the  28.5-deg  orbital  inclination  and  the  150-  n.mi. 
altitude. 

9.  The  daylight/darkness  periods  for  the  flight  are  fixed 
by  the  launch  time. 

10.  Times  required  for  various  payload  deployment  crew- 
activities  and  Orbiter  operations  are  fixed  by  NASA- JSC 
(Reference  9). 

11.  The  time  of  the  lUS  transfer  burn  is  determined  by  the 
required  satellite  deployment  longitude. 

There  are  requirements  to  command  the  lUS  transmitter  on  after  the 
lUS/DSP  is  extended  on  the  RMS,  to  enable  the  lUS  RCS  within  20  min 
after  release  and  after  the  Orbiter  separates  a safe  distance  (200  ft)  from 
the  lUS,  and  to  perform  these  two  tasks  by  means  of  commands  from 
remote  tracking  stations.  Analysis  of  the  ground  track  revealed  that  only 
the  GTS  and  HTS  stations  passes  between  02:41:00  and  03:00:00  GET  would 
satisfy  these  conditions  and  would  also  allow  the  lUS  transfer  to  occur 
near  the  fourth  ascending  node  at  05:45:06  GET.  This  is  the  solution  that 
is  reflected  in  the  nominal  timeline. 
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The  requirement  to  accomplish  the  RMS  to  lUS  attachment  and 
lUS/DSP  deployment  in  darkness  dictated  that  these  crew  activities  be 
scheduled  during  an  orbital  night  pass.  This  requirement  was  met  by 
(1)  minimizing  the  crew  activities  that  must  occur  sequentially  between 
the  start  of  the  RMS  to  lUS  attachment  and  the  lUS/DSP  release  event 
and  by  (2)  scheduling  the  time  of  Orbiter  launch  to  provide  a night  pass 
which  starts  at  02:16:00  GET. 

The  possibility  of  performing  the  RMS  attachment  to  lUS  and  pay- 
load  deployment  sequence  on  either  the  first  or  second  pass  over  GTS 
was  investigated.  It  was  determined  that  the  launch  time  could  be  delayed 
up  to  45  min  and  still  achieve  proper  daylight/darkness  conditions  to 
schedule  lUS  release  on  the  first  or  second  pass  over  GTS.  This  45-  min 
launch  window  allows  the  lUS  transfer  burn  to  be  performed  at  the  fourth 
and  fifth  ascending  node. 

The  timeline  solutions  to  constraints  2,  4,  and  6 satisfy  all  the 
identified  deployment  constraints. 

Other  timeline  and  launch  time  solutions  to  the  described  problem 
were  investigated,  but  this  was  the  only  solution  found  which  satisfied 
the  previously  described  eleven  constraints. 

Orbiter  and  lUS/DSP  design  changes  which  would  eliminate  the 
launch  window  constraint  and  provide  additional  mission  contingency 
capabilities  were  investigated.  By  providing  an  RF  link  between  the 
Orbiter  and  the  lUS,  the  lUS  enable  commands  could  be  accomplished 
without  having  to  pass  over  an  RTS  within  20  min  after  the  lUS/DSP 
release.  This  capability  would  allow  constraint  6 to  be  satisfied 
independent  of  the  RTS  coverage. 
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Table  3-1.  DSP  Deployment  Orbit  Requirements 


Satellite  Deployment  Orbit  Parameters 

Requirement 

Apogee  altitude,  n.mi. 

19323 

Perigee  altitude,  n.mi. 

19323 

Inclination,  deg 

2.1 

Right  ascension  of  ascending 
nod,  deg 

292 

Longitude,  ' deg 

137W 

Does  not  necessarily  represent  an  operational  location. 


Table  3-2.  Nominal  Entry  Conditions 


Parameter 

Target  Value 

Altitude,  ft 

400, 000 

Inertial  Velocity,  ft/sec 

25, 760 

Inertial  Flight  Path 
Angle,  deg 

-1.34 

Downrange  Distance  to 
Landing  Site,  n.mi. 

3,710 

Crossrange  Distance  to 
Landing  Site,  n.mi. 

^ 500 
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Table  3-3.  Conic  Parameters  of  the  Transfer  Orbits 


Parameters 

1st  Case 

2nd  Case 

Time  of  first  burn  from  Equator 
crossing,  min 

5.087 

5,837 

Argument  of  latitude  at  insertion, 
deg 

31.47 

35.68 

Insertion  longitude,  deg 

137. 23W 

137. 25W 

Inclination,  deg 

23.02 

23.786 

Difference  of  the  right  ascension 
of  the  nodes,  deg 

-5.30 

-5.17 

Central  angle,  deg 

152.079 

149.290 

Transfer  time,  hr 

3.3309 

3.3340 

Perigee  altitude,  n.mi. 

141. 6 

130.  7 

Apogee  altitude,  n.mi. 

25076.  5 

24917.2 

First  burn  pitch  angle,  deg 

9.715 

14.808 

First  burn  yaw  angle,  deg 

23.141 

20.647 

Second  burn  pitch  angle,  deg 

-44. 204 

-43.591 

Second  burn  yaw  angle,  deg 

-47. 892 

1 

-19,058 
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Table  3-4.  Precision  Parameters  of  the  Transfer  Orbit 


Parameters 

Begining 
of  Burn 

End  of  Burn 

Time  from  Equator 
Crossing,  min 

3.58 

6.03 

Argument  of  latitude 
at  insertion,  deg 

31.60 

Insertion  longitude,  deg 

137. 12W 

137. 24W 

Inclination  of  transfer 
orbit,  deg 

22.98 

Difference  of  the  right 
ascension  of  the 
nodes,  deg 

-5.255 

Transfer  time,  hr 

3.2973  + 0.0693* 

Perigee  altitude,  n.mi. 

143.6 

1 

Apogee  altitude,  n.mi. 

25220 

j 

First  burn  pitch 
angle,  deg 

4.035 

14.454 

First  burn  yaw 
angle,  deg 

22.99 

17.53 

Second  burn  pitch 
angle,  deg 

-44.34 

-44.09 

Second  burn  yaw 
angle,  deg 

-47.93 

1 

-23.03 

A 

Burn  times. 
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Figure  3-2.  Nominal  lUS  Profile 
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Figure  3-3.  lUS  Departure  Window 
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Inclination  of  the  Transfer  Plane 
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Figure  3-15.  Illustration  Of  Upper  and  Lower  Node 
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FIGURE  3-19.  LONG  TRANSFER  DEPARTURE  WINDOWS 
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FIGURE  3-20,  ACCESSIBLE  LONGITUDES  DURING  FIRST  TWO  DAYS  OF  MISSION 
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This  section  presents  the  mission  event  summary  and  crew 
activity  plans . 

4.1  EVENT  SUMMARY,  OPERATIONS  DESIGN  MISSION  A 

This  mission  is  summarized  in  Table  4-1.  Data  presented  include 
start  time  and  duration  of  each  event  (At).  The  velocity  increment  (AV) 
and  resultant  orbit  is  included  for  all  thrust-related  events. 

The  time  durations  allocated  for  the  crew  activity  shown  in 
Table  4-1  were  obtained  from  NASA/JSC. 

4.2  CREW  ACTIVITY  PLANS 

An  important  part  of  mission  design  is  the  analysis  of  crew 
activities  during  the  mission.  This  section  presents  the  timelines  for 
crew  activities  at  three  levels  of  detail. 

1.  Overview,  (awake/rest  periods.  Figure  4-1) 

2.  Summary  Timeline  (major  activities  Figure  4-2) 

3.  Detailed  Timeline  (payload  deployment.  Figure  4-3) 

One  timeline  format  has  been  used  in  this  report.  The  scale  has 
been  expanded  or  contracted  as  required  for  summary  and  detailed  time- 
lines 

Figure  4-1  shows  an  overview  of  Operations  Design  Mission  A.. 

The  plan  starts  10  hr  before  liftoff  and  defines  the  eat/rest/work  cycles 
for  the  crew.  The  crew  rest  period  ends  4 hr  before  liftoff,  and  the  crew 
is  awake  for  16  hr.  The  launch  and  payload  deployment  operations 
require  approximately  2.5  hr  on  the  first  day  of  the  mission. 


^An  explanation  of  the  crew  activity  plan  format  is  presented  in  Appendix  C. 
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Figure  4-2  presents  a complete  summary  of  Operations  Design 
Mission  A.  All  Orbiter  and  lUS  engine  burns  are  shown  for  the  complete 
mission;  TDRS  and  RTS  station  coverage  and  day/night  periods  are  also 
shown. 

Figure  4-3  presents  a detailed  Crew  Activity  and  lUS  Timeline. 

The  following  are  significant  payload-related  features  of  this  timeline. 

• After  the  payload  bay  doors  are  opened,  11  min  of  RTS 
coverage  are  available  for  monitoring  payload  telemetry 
before  the  Orbiter  IMU  alignment  is  initiated. 

• RMS  activation,  RMS  checkout,  and  lUS  IMU  alignment 
(rate  matching)  are  accomplished  before  attaching  the 
RMS  to  the  lUS. 

• The  attachment  of  the  RMS  to  the  lUS  and  the  movement 
of  the  lUS  out  the  payload  bay  are  scheduled  to  occur 
during  darkness. 

• The  lUS  transmitter  is  turned  on  by  the  GTS  and  verified 
just  prior  to  release  of  the  lUS/DSP. 

• The  Orbiter  separation  burn  is  performed  3 min  after 
lUS/DSP  release  and  the  lUS  RCS  is  enabled  7 min  later 
by  the  HTS. 

• An  Orbiter  circularization  burn  is  performed  a half 
revolution  after  the  separation  burn. 

• The  lUS  SRM  is  armed  over  GTS  at  04:13:00  GET. 

• The  crew  maintains  visual  contact  with  the  lUS/DSP 
after  release  and  until  the  lUS  transfer  burn  is 
completed . 


Table  4-2  provides  explanations  of  selected  activities. 
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Table  4-1.  Event  Summary 


Sta  rt 

Hr:Min:Sec 
G.  E.  T 

At  of  Event/ 
Crew  Activity 
Min:  Sec 

Resultant  Orbit  { 

..  . 

Major  Events 

AV 

EPS 

T rue 
Pe  rigee 
n.  mi. 

T rue 
Apogee 
n.  m’ . 

Ascent  (Lift-  Off:  14:50:02  GMT) 

Ma  in  Fng . I^^n. 

-00:00:09 

SRB  Ign.  Lift-Off 

00:00:00 

Begin  i^itchover 

00:00:06 

1 

Begin  Gravity  Turn 

00:00:16 

1 

SR  B Shutdown 

00:01:56 

Begin  Constant  TVirust  Guidance 

00:01:58 

1 

ME  Throttle-Down  to  100% 

00:03:55 

Begin  Constant  3-G  Acc.  Guid. 

00:07:20 

MECO(-8.5*^  Inclination) 

00:08:09 

14 

80 

ET  Separation 

00:08:20 

1 

Begin  - Z T ranslation  Burn  ( RCS) 

00:08:20 

00:05 

4 

1 

start  Insertion  Burn-OMS 

00:08:45 

01:55 

208 

55 

150  i 

End  Orbit  Insertion  Burn(OMS-l) 

00:10:40 

' 

Circulari/.ation  Burn  IOMS-2) 

00:44:27 

01:35 

174 

150 

150  j 

On  Orbit 

i 

CoPiig.  GPC  for  On-Orbit 

00:50:00 

Establish  Orbital  Rate-Heads 
j Down 

00:53:00 

Open  P/L  Bay  Doors 

01:00:00 

04:00 

Maneuver  to  Acquire  HTS  with 
, P/I.  Antenna 

01:05:00 

i 

1 DOD-MCC  Monitor  P/L 

1 Teiemrtry  via  HTS 

01:17:00 

07:00 

Maneuver  to  Acquire  VTS  with 
P/I  Antenna 

01:24:00 

1 

i non-Mf  C Monitor  P/L 

! Teleniftry  via  VTS 

01:27:00 

04:00 

I 

Orbiter  IMP  Align 

01:31:00 

15:00 

Kstablisli  Orbital  Hate- 
Heads  Down 

01:46:00 

HMS  AC  I f.  Clieckout 

01:46:00 

15:00 

1 

1 

1 U S IMP  Alignment  (Rate 

Matching) 

02:01:00 

15:00 

i 

' non  MCC  Gives  GO-NO-GO  for 

F^ayload  IVp’.oy 

02:13:00 

1 

1 

1 

Houston-\U  C'  gives  GO-NO-GO 
for  f^ayl‘>afl  D<*pl(^y 

02:13:15 

Establish  Orbital  Rale- 
Heads  Down 

02:16:00 

1 
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Table  4-1.  Event  Summ.ary  (Concluded) 


Start 

Hr:Min:Sec 

G.E.T 

At  of  Event/ 
Crew  Activity 
Min:Sec 

— 

Resultant  Orbit 

Major  Events 

AV 

EPS 

True 
Perigee, 
n.  mi. 

T rue 
Apogee, 
n.  mi. 

On  Orbit  (Concluded) 

Attach  RMS  to  lUS 

02:16:00 

09:00 

Transfer  SV  to  lUS 

02:23:00 

02:00 

Maneuver  to  P/L  Deploy 
Attitude 

02:25:00 

lUS  to  Internal  Power.  Final 
lUS  C/O,  Disc.  lUS  Elec.UMB. 

02:25:00 

04:00 

lUS  Hold  Down  Release 

02:29:00 

04:30 

Config.  Orbiter  Attitude 
Control  to  F ree 

02:33:00 

RMS  Maneuvers  lUS  to  Deploy 
Position 

02:33:30 

09:30 

Command  lUS  Transmitter  ON 
and  Verify  Status 

02:41:00 

01:00 

DOD  MCC  gives  GO-NO-GO  for 
lUS  Release  over  GTS 

02:42:00 

00:15 

Houston  MCC  Relays  GO-NO-GO 
for  lUS  Release 

02:42:15 

00:15 

Release  lUS/DSP 

02;43:00 

00:02 

Position  RMS  for  Sep.  Burn 

02:43:02 

03:00 

Orbiter  Sep,  Burn  (RCS) 

02:45:57 

00:08 

4 

150 

151 

RMS  Stow 

02:48:00 

10:00 

Maneuver  to  Observe  lUS 
lUS  RCS  ENABLE  OVERHTS 

02:48:00 

02:53:00 

Maneuver  to  Circ.  BurnAttitude 

03:25:00 

Orbiter  Circ.  Burn 

03:31:06 

00:08 

4 

151 

151 

Maneuver  to  Observe  lUS 

03:22:00 

Start  Crew  Eat  Period 

03:35:00 

60:00 

lUS-SRM  ENABLE  OVER  GTS 

04:14:00 

lUS  Transfer  Burn  { 4fh 
ASCENDING  NODE) 

05:45:06 

02:27 

9079 

143.6 

25331 

lUS  Circ . Burn 

09:05:24 

01:42 

7952 

19323 

19323 

Orbiter  IMU  Align 

11:17:00 

15:00 

Start  Crew  Rest  Period 

12:00:00 

(6  hrs) 

Crew  Eat  Period 

18:00:00 

60:00 

Orbiter  IMU  Align 

19:50:00 

15:00 

Return  to  Earth 

Deorbit  Burn  OMS  (256  N.  ML 
CROSS  RANGE) 

25:01:34 

02:11 

297 

Entry  Interface 

Landing  at  KSC  (11:47:23  EST) 


25:26:29 

25:56:34 
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Table  4-2.  Explanation  of  Selected  Payload  Related  Activities 


00:50:00  , ESTAFU  LSH  OIIFJ  RATE  - MEADS  DOWN 

This  orbital  rate  maneuver  is  performed  to  keep  the  payload  bay  normally  pointed  toward  the  ground 
in  order  to  keep  direct  sunlight  from  illuminating  the  UJS/DSP  during  the  liaylight  period  n{  the  orbit. 
The  maneuver  is  repeated  throughout  the  timeline. 

01:15:00  • MAN  TO  ACQUIRE  H FS  WITH  P/L  ANTENNA 

This  maneuver  is  required  to  point  the  payload  antenna  at  the  MTS  by  01:17:10  GF'T.  This  maneuver 
IS  repeated  before  each  RTS  pass. 

01:17:00  • DOD-MCC  MONITOR  P/l.  TLM 

A requirement  exists  to  provide  3 min  of  DSP  telemetry  data  cjver  each  RTS  after  the  payload 
bay  doors  are  opened.  This  requirement  is  satisfied  by  the  timeline. 

01:10:00  , ORBITER  IMU  ALIGN 

The  (Arbiter  IMt*  is  aligned  at  this  time  to  prepare  for  the  Il’S  IMU  alignment  l0il:0l:00  GF  ll. 

This  Orbiler  IMU  alignment  at  01:30:00  may  not  be  necessary  because  of  prelaunch  alignment 
accuracy  but  is  inserted  in  this  mission  assessment  timeline  for  planning  purposes  m case  this  does 
beconu  a requirement. 

02:01:00  . It’S  IMU  ALIGNMENT  (KATE  MATCHING) 

This  activity  is  performed  at  this  time  to  schedule  the  RM.S  attachment  task  in  darkness. 

02:11:00  • DOD-MCC  CO-NO-GO  TOR  P/L  DEPLOY 

This  is  the  last  opportunity  for  the  DOD-MCC  to  permit  the  deployment  of  the  Il’S/DSP  and 
to  have  the  decision  uplinked  to  the  Orbiter  crew  via  MCC-H  and  TDHS. 

02:14:00  « MCC-H  GO-NO-GO  F'OR  P/L  DEPLOY 

This  IS  the  last  opportunity  for  the  MCC-H  to  permit  the  deployment  of  the  RMS. 

02:22:03  » TRANSFER  SV  TO  lUS 

The  Orbiter  state  vector  (SV)  is  transferred  to  the  lUS  just  prior  to  switching  the  lUS  to 
iri-^nal  power. 

02:25:00  • MA^  TO  P/L  DEPLOY  AT  TITUDE 

This  is  the  last  opportunity  before  Il’S  hold  down  release  to  maneuver  the  Orbiter  to  the 
attitude  required  for  payload  deployment. 

02:3  1:00  • CONFIGURE  ORB  ATT  TO  FREE 

AU  Orbiter  RCS  s are  inhibited  at  this  point  and  the  Orbiter  will  remain  in  the  free  attitude 

control  mode  until  the  Orlnter  separation  burn  is  performed. 

02:41:00  . DOi)-MCC  CMI)  tUS  X-MITIKR  ON  AND  VERIFY  STATES 

This  task  19  perform4‘<i  just  prior  to  release  of  the  lU.S  from  the  Orbiter  over  GTS. 

02:53:00  , DOD-MCC  CMD  lUS-UCS  ENABLE 

This  task  is  pi  rformed  after  the  crew  verifies  that  a safe  separation  di»tance(200  ft) 
h.as  l>een  aihii'ved  and  before  the  DSP  has  been  in  direct  sunlight  for  more  than  W mtn. 

04:1  3:00  , DOi)-Mt  C CMD  H’S  ORD  AND  MISSION  SEQUENCE  ENABLE  ACCEPT  Il'S  MANI>OVtR 

rh<“  lUS  SRM  iS  enabled  after  the  crew  verifies  a safe  separation  distance  1 10  n.  m . a ssunu-d) 
between  the  U’S  and  the  Orbiter. 

05:45:0b  , U S TRANSFER  RI’RN 

This  burn  occurs  after  the  lUS  alignment  has  been  upflated  and  during  the  fourth  ascending  nolle, 

" •:05z24  , U S CIRC  B'^RN 

This  burn  c in  ulari7.es  the  lUS/DSP  at  the  required  geosynchronous  orbit. 


M'l;  1 1:45 


DSP  SEP  FROM  It'S 

The  DSP  Biparates  from  the  lUS  and  the  PCXC  assumes  control  of  the  DSP. 
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Figure  4-3.  Detailed  DSP  Timeline  (Continued) 
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5.  MISSION  ASSESSMENT 

The  mission  assessment  activity  consists  of  evaluating  the  mission 
design  and  crew  activity  plan  to  determine  feasibility  and  adequacy. 

5.1  GROUND  TRACK,  LIGHTING  SCHEDULE  AND  TRACKING  COVERAGE 

This  section  describes  in  two  parts  the  Orbiter  and  lUS  trajectories 
as  seen  from  the  earth.  The  first  is  the  projection  of  the  orbits  onto  the 
earth  map  (Section  5.1.1);  the  second  part  contains  tracking  coverage 
timelines  and  daylight/darkness  information  (Section  5.1.2). 

5.1.1  Ground  Track  Maps 

The  projection  of  the  vehicle  orbits  onto  the  world  map  is  shown  in 
Figures  5-1  through  5-6.  The  coverage  circles  for  each  of  the  Remote 
Tracking  Stations  for  an  altitude  of  150  n.mi.  and  an  acquisition  elevation 
angle  of  2 deg  are  also  shown.  The  ground  tracks  for  the  Orbiter  and 
two  lUS  transfer  burn  opportunities  are  included.  The  " + " symbols 
on  the  ground  track  plots  are  spaced  approximately  10  min  apart. 

5.1.2  Lighting  and  Tracking  Coverage  Timelines 

This  section  presents  lighting  and  tracking  coverage  parameters 
along  a timeline  (Figures  5-7  through  5-10).  Each  figure  shows  two  time 
intervals  of  2 hr  30  min.  For  each  interval,  the  bottom  line  shows 
whether  the  vehicle  is  in  sunlight  (open)  or  darkness  (black).  Periods  are 
also  shown  for  remote  tracking  station  coverage  using  an  elevation  angle 
of  2 deg  above  the  horizon  for  the  acquisition  and  loss  of  signal.  In  addi- 
tion, the  coverage  from  two  TDRSS  satellites  is  included  with  the  Orbiter 
data.  The  remote  tracking  station  facilities  used  in  this  analysis  and 
anticipated  TDRSS  locations  are  described  in  Appendix  A,  (Section  A.  5). 

Major  events  during  the  mission  are  indicated  to  aid  in  relating 
the  schedules  to  the  mission  plan. 
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The  data  presented  are  for  the  basic  mission  and  one  alternative. 


Figure 

Vehicle 

T ransfer  Node 

5-7 

Orbiter 

5-8 

lUS 

Fourth  Ascending 

5-9 

I US 

Fifth  Descending 

5.2  ATTITUDE  SCHEDULES 

The  Orbiter  attitudes  for  the  Mission  A major  events  are  summarized 
in  Table  5-1.  The  gimbal  angles  for  the  boost  phases  are  referenced  to  an 
inertially-fixed  platform  which  is  initially  aligned  such  that  the  X-platform 
axis  is  parallel  to  the  geodetic  vertical  and  positive  radially  upward.  The 
Z-platform  axis  is  in  the  geodetic  horizontal  plane  directed  downrange 
along  the  launch  azimuth. 

Prior  to  payload  deployment,  the  Orbiter  is  oriented  to  point  the 
payload  bay  (-z  axis)  at  the  HTS  and  VTS  for  payload  checkout.  Table  5-1 
shows  the  maneuver  attitudes  necessary  for  the  RTS  passes  as  the  pitch, 
yaw,  and  roll  Euler  angles  from  the  local  horizontal  (Appendix  A, 

Figure  A-3 ). 

After  payload  release,  the  Orbiter  performs  two  RCS  -X  (forward) 
translations  to  separate  from  the  lUS  and  45  min  later  recircularize  the 
Orbiter  orbit.  Figure  5-11  shows  the  pitch  attitudes  during  this  coast 
period  to  continuously  point  the  Orbiter  -Z  axis  at  the  lUS.  The  pitch 
attitude  for  a -X  translate  is  also  shown. 

Table  5-1  also  shows  the  Orbiter  attitudes  during  the  OMS  burns 
and  at  reentry  interface  for  Mission  A. 
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5.3  ORBITER  CONSUMABLES  ANALYSIS 

An  analysis  of  propulsive  consumables  required  for  Mission  A 
has  been  performed  yielding  the  results  shown  below. 


Allowance 

RCS,  lb 

OMS,  lb 

• 

Nominal 

2233 

13080 

• 

Dispersion  and 
Contingency 

635 

1245 

• 

Reserves 

4202 

10267 

• 

Residuals 

394 

564 

Mission  Total 

7391 

14889 

Propellant  reserves  were  determined  by  differencing  the  mission 
requirements  and  maximum  internal  tankage  capability.  The  data  show 
that  sufficient  RCS  and  OMS  propellants  can  be  carried  on  board  to 
accomplish  the  mission.  The  dispersion  and  contingency  allowances 
were  developed  from  guidelines  in  Reference  10,  Table  5-2  details  the 
nominal  OAIS  and  RCS  propellant  required  for  each  mission  event. 
Tables  5-3  and  5-4  present  a more  detailed  breakdown  of  the  dispersion 
and  contingency  allowance  as  well  as  the  allowances  for  residuals  (i.e., 
trapped  propellants). 
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5.4  ET  DISPERSION  ANALYSIS 

The  SRB  and  ET  nominal  impact  points  from  Section  3.1  are 
SRB  latitude,  28.6°N  and  longitude,  78.0°W;  ET  latitude,  28.  6°S  and 
longitude,  83.3°E. 

NASA  has  conducted  extensive  analyses  to  determine  the  disper- 
sion footprints  of  the  external  tank  (Reference  7).  The  results  super- 
imposed on  the  nominal  are  shown  in  Figure  5-12. 

5.5  CONTINGENCY /ABORT  ANALYSES 
5.  5. 1 Contingency  Analysis 

Analysis  of  the  daylight/darkness  and  the  RTS  ground  station 
coverage  shows  that  it  is  possible  from  a mission  planning  viewpoint  to 
delay  the  lUS/DSP  deployment  and  release  operation  one  earth  revolution 
and  satisfy  the  lUS/DSP  operational  constraints.  For  example.  Figure  5-7 
shows  that  the  lighting/station  pass  requirements  are  satisfied  on  the  rev- 
olution following  the  nominal  deployment  time.  The  requirements  are  not 
satisfied  on  subsequent  revolutions.  Thus,  only  one  contingency  deploy- 
ment opportunity  exists  on  the  first  day.  This  restriction  could  be  remov- 
ed by  means  of  one  or  more  of  the  following  actions  (Section  3.2): 

• provide  a full  shroud  on  the  DSP  satellite  to  eliminate 
reflections  and  protect  the  spacecraft  from  direct  sunlight 

• provide  an  Orbiter/IUS  RF  link,  and/or 

• redefine  the  standard  deployment  orbit  to  provide  a daily 
repeating  ground  track  so  that  contingency  deployment  oppor- 
tunities occur  at  24-hour  intervals. 

In  general,  the  desired  DSP  deployment  longitude  is  not  accessible 
using  contingency  opportunities.  Thus,  a delayed  transfer  burn  will 
usually  require  a satellite  drift  maneuver  to  establish  the  desired  orbital 
station.  The  maximum  drift  maneuver  required  by  a one- revolution  delay 
of  the  transfer  burn  is  approximately  23  deg.  Contingency  transfers 
initiated  24  hours  later  than  nominal  from  a repeating  ground  track  orbit 
would  not  require  a drift  maneuver. 
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5.5.2  Abort  from  Orbit  Opportunities 

The  deorbit  opportunites  to  the  primary  landing  site  (KSC)  and 
two  alternate  landing  sites  (VAFB  and  EAFB)  have  been  determined  for 
Operations  Design  Mission  A.  Periods  of  up  to  13  hr  exist  during  which 
emergency  deorbit  to  these  sites  cannot  be  accomplished.  Table  5-5 
gives  the  abort  opportunities.  The  coordinates  used  for  the  landing  sites 
are  giv^en  in  Appendix  A.  The  maximum  allowable  crossrange  distance 
used  in  determining  these  opportunities  was  1000  n.mi. 

5.6  ASCEN  r GRAPHICAL  SUPPORT  DATA 

Ascent  profile  parameters  versus  time  are  presented  in 
Figures  5-13  through  5-21. 

5.  7 RELATIVE  MOTION  ANALYSIS 

Once  the  P/L  has  been  released  from  the  Orbiter  and  the  RMS  has 
been  retracted,  the  Orbiter  performs  a -X  (forward)  RCS  translation 
(4  ft/sec)  to  move  clear  of  the  payload  (Appendix  A,  Figure  A-3).  After 
this  maneuver,  the  Orbiter  coasts  for  45  min  during  which  time  the 
Orbiter  moves  above  and  behind  the  lUS.  Figure  5-22  shows  the  down- 
range  versus  radial  displacement  during  this  45-min  coast  for  both  a +X 
and  -X  translate  (4  ft/sec).  Figure  5-23  shows  the  range  during  this 
coast  period.  A half  revolution  later  (45  min  after  separation  burn),  the 
Orbiter  performs  a second  -X  RCS  translation  maneuver  (4  ft/sec)  to 
recircularize  the  orbit  at  153  n.mi.  The  lUS  performs  its  first-stage 
burn  at  05:45:46  GET  (3  hr  00  min  after  the  P/L  separation  burn). 

The  relative  motion  of  the  lUS  with  respect  to  the  orbiter  during 
the  first  lUS  burn  has  been  investigated.  Analysis  of  the  relative  motion 
is  required  not  only  to  ensure  that  there  is  no  collision  problem,  but 
also  to  identify  the  potential  for  contamination  of  the  Orbiter  with  lUS 
exhaust  products. 

I igures  5-24  and  5-25  show  the  radial  and  out-of-plane  relative 
r .otion  trajectories  during  the  lUS  burn  with  the  Orbiter  at  the  origin. 
Figures  5-24  and  5-25  show  that  the  lUS  crosses  the  orbital  altitude 
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of  the  Orbiter  at  a range  of  47  n.mi,  and  an  out-of-plane  displacement 
of  4 n.mi.  Figure  5-26  shows  total  range  between  the  Orbiter  and  lUS 
throughout  the  first  burn  and  demonstrates  that  a negative  separation 
rate  exists  for  the  +X  translate  during  the  first  90  sec  of  the  lUS  burn, 
whereas  the  -X  translate  has  a positive  separation  rate  at  all  times. 

The  problem  of  Orbiter  contamination  by  lUS  exhaust  products  is 
beyond  the  scope  of  this  analysis.  Figures  5-24  and  5-28,  however, 
provide  some  insight  into  the  orientation  of  the  lUS  plume  with  respect 
to  the  line-of-sight  to  the  Orbiter.  Figure  5-28  shows  that  the  angle 
between  the  exhaust  vector  and  the  line-of-sight  for  both  the  -X  and  +X 
translates  decreases  with  increasing  range  from  the  Orbiter.  The 
implication  of  this  behavior  requires  further  analysis. 

5.8  ORBITER  Ku-  BAND  COMMUNICATION 

After  the  payload  bay  doors  are  opened,  the  Ku-band  antenna  is 
deployed  outboard  of  the  Orbiter  moldline.  In  order  for  communication 
data  to  be  transmitted  to  a data  relay  satellite  (TDRS),  the  Ku-band 
signal  must  not  be  obscured  by  the  Orbiter.  The  Orbiter  pitch  and  roll 
look  angles  to  the  TDRS  were  generated  with  the  Orbiter  aligned  along 
its  velocity  vector  and  rolled  180  degrees.  Figures  5-29  and  5-30 
show  the  Orbiter  pitch  and  roll  look  angles  to  TDRS-189  and  TDRS-319 
overlayed  with  the  right  antenna  obscuration  zone  and  the  combined  right 
and  left  antennas  obscuration  zone,  respectively.  The  Orbiter  pitch 
and  roll  look  angles  to  the  two  data  relay  satellites  were  also  generated 
for  the  Orbiter  -Z  axis  (payload  bay)  pointed  at  each  STS  during  RTS  passes 
prior  to  payload  deployment.  Figure  5-Jl  shows  the  Orbiter  pitch  and 
roll  look  angles  for  the  RTS  passes  overlayed  with  the  right  antenna 
obscuration  zone.  The  combined  right  and  left  antennas  obscuration  zone 
is  shown  in  Figure  5-32  for  the  same  RTS  passes. 

A summary  of  the  Ku-band  antenna  obscuration  is  shown  in  Figure 
5-33  for  the  time  period  from  the  opening  of  the  payload  bay  doors  to 
deployment  of  the  lUS/DSP.  The  addition  of  the  second  Ku-band  antenna 
(left  side)  would  provide  several  minutes  more  transmission  time  for 
Mission  A.  Orbiter  attitude  maneuvers  may  be  required  to  provide  TDRS 
communications  to  support  the  crew  activity  plan  (Figure  4-37).  These 
maneuvers  will  not  present  any  problem  with  respect  to  RCS  propellant 
utilization  since  there  is  a large  propellant  pad. 


Table  5-1.  Mission  A Major  Events  Attitude  Timeline 


Table  5-2.  RCS/OMS  Propellant  Usage  (Concluded) 
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Reentry 

Initial  Reentry  Control  25:26:29  0 563  563  1126 

(Entry  Interface) 


’ 
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Table  5-3.  Detailed  Breakdown  of  OMS  Propellant  Allowances 


Item 

Allowance 

(lbs) 

• Nominal 

• Insertion  (208  ft/sec) 

4391 

• Circularization  (174  ft/sec) 

3640 

• Deorbit  (296  ft/sec) 

5049 

Nominal  Total 

13080 

• Dispersions  and  Contingencies 

• Isp  Variation  (-3  sec) 

126 

• Mixture  Ratio  Variation 

(1.91%) 

250 

• Loading  Accuracy  (0.  5%) 

66 

RSS  Subtotal 

287 

• One  Failed  OMS  During  Burn 

30 

• Gaging  Error  (1.7%  full  load) 

425 

• Velocity  Errors  (~24.2  ft/sec) 

503 

Total  Dispersions  and 
Contingencies 

(1245) 

• Residuals 

• Trapped  in  Lines 

205 

• Trapped  in  Tanks 

309 

• Vapor  at  80°F  (0.2%  full  load) 

50 

Total  Residuals 


(564) 
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Table  5-4.  Detailed  Breakdown  of  RCS  Propellant  Allowances 


Item 

Fore,  lb 

Aft, 

lb 

Nominal  Total 

(324) 

(1909) 

Dispersions  and  Contingencies 

• 

Isp  Variation 
(1.45%  fore,  2.04%  aft) 

5 

39 

• 

Mixture  Ration  V'^ariation 
(2%) 

6 

38 

• 

Loading  Accuracy  (0.  5%) 

2 

10 

RSS  Subtotal 

8 

55 

• 

Flight  Uncertainty  (5%) 

16 

95 

• 

+3tr  Inflight  Gaging  Error 
(5.4%  full  load) 

125 

252 

• 

One  Failed  OMS  During  Burn 

0 

84 

Total  Dispersion  and 
Contingencies 

(149) 

(486) 

Residuals 

• 

Trapped  in  Lines 

57 

186 

• 

Trapped  in  Tanks 

45 

91 

• 

Vapors  at  80°  F 
(0.2%  full  load) 

5 

10 

Total  Residuals 

(107) 

(287) 

Table  5-5.  Abo rt-Fron  - Orbit  Opportunit 


Ground  Track  for  Mission  A,  Orbit  Insertion  to  Fifth  Revolution 


Mission 


Orbitcr  Ground  Track  for  Mission  A,  Elcvcntii 
to  Fifteenth  Revolution 


Figure  5-6  lUS  Ground  Track,  Mission  A,  Fifth  Descending  Node  Transfer 


Figure  5-7.  Orbiter  Tracking,  Lighting,  and  Maneuver  Events 
Summary  for  Mission  A (Continued) 


Figure  5-7.  Orbiter  Tracking,  Lighting,  and  Maneuver  Events 
Summary  for  Mission  A (Continued) 


Figure  5-7.  Orbiter  Tracking,  Lighting,  and  Maneuver  Events  Summary  for  Mission  A (Concluded) 


AO-A045  100 


unclassified 


AO 

A046I00 


TRH  defense  and  SPACE  SYSTEMS  6R0UP  REDONOO  BEACH  CALIF  F/6  22/3 
department  of  DEFENSE  SPACE  TRANSPORTATION  SYSTEM  (DOD/STS)  MIS~ETC(U) 
SEP  77  OS  OEDEON*  J R OWEN*  R D TOMLINSON  F0A701-75-C-0025 


TRg-26937-6l36-TU-00 


SAMSO-TR-77-116 


Tracking,  Lighting,  and  Maneuver  Events  Summary 
Mission  A (Fifth  Descending  Node  Transfer) 
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Figure  5-10.  Pitch  Attitudes  Following  lUS/Orbiter  Separation 
(Points-Z  Axis  at  lUS) 


gure  5-11.  SRB  and  External  Tank  Impact  Point 


• OOOOOS 


Figure  5-  iZ.  Ascent  Phase  Altitude  Profile 


4000. 
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Ascent  Phase  Range  from  Launch  vs.  Time 


see 


Figure  5-21.  Orbiter  Downrange  vs.  Radial  Displacement  from  lUS  Following 
P/L  Separation  Burn  (4  fps) 


Figure  5-24.  Out-of-Plane  Relative  Motion  During  lUS  First  Stage  Burn 


Orbiter/IUS  Separation  During  lUS  First  Stage  Bur 


TRANSLATE  (FORWARD) 


igure  5-26.  Angle  Between  Exhaust  Vector  and  LOS  vs.  Burn  Time  fo 
lUS  First  Stage  Burn 


Figure  5-28.  TDRS  Look  Angles  Overlayed  with  Right  Antenna 
Obscuration  Zone 


TDRS  Look  Angles  Overlayed  with  Combined  Antenna 
Obscuration  Zone 


TDRS  Look  Angles  with  Orbiter  Payload  Bay  Oriented  to  RTS 
Overlayed  with  Right  Antenna  Obscuration  Zone 


GTS/TDRS  - 189 
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igure  5-  32.  Mission  A TDRS  Coverage  Summary 
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6,  OTHER  GEOSYNCHRONOUS  PAYLOADS 


Fleet  Satellite  Communications  (FSC)  is  the  only  alternate  payload 
for  which  data  are  available  for  Mission  A planning  purposes.  Table  6-1 
provides  mission  planning  data  which  were  used  in  assessing  the  differences 
between  the  FSC  and  DSP  Missions.  Analysis  of  the  Orbiter  Crew  Activity 
timelines  for  each  mission  indicates  that  both  missions  may  be  flown  in  an 
almost  identical  manner.  Both  timelines  show  that  the  lUS  transfer  burn 
can  occur  at  05:45:06  GET.  For  the  DSP  and  FSC  missions,  the  RMS 
attachment  and  payload  movement  out  of  the  payload  bay  is  constrained  to 
a nightpass.  Additional  DSP  mission  constraints  (described  in  Section  3.2) 
impose  a 45 -minute  launch  window  on  the  DSP  mission. 


; i 


I 
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Table  6-1.  Mission  Planning  Data 


Parameter 

DSP 

FSC 

1.  Launch  Window  Constraints 
(fromKSC),  min/day 

45 

None 

2.  Orbiter  Earth  Parking  Orbit 
Objectives 

Apogee  and  Perigee 
Altitude,  n.mi. 

150 

150 

Inclination,  deg 

28.5 

28.  5 

3.  Total  Payload  Weight,  lb 

37, 193 

36,611 

4.  Deployed  Payload  Weight,  lb 

5.  Payload  Size 

34,693 

34,111 

Max.  Length,  in. 

456 

393.  5 

Max.  Diameter,  in. 

116 

116 

6.  Payload  CG  Position  (In 
Payload  Bay) 

X,  in. 

1112 

1110  (Est.  ) 

Y,  in. 

0.4 

0.4  (Est.) 

Z , in. 

378.  5 

378.5  (Est.  ) 

7.  Satellite  Orbit  Design 

Apogee  and  Perigee,  n.mi. 

19,  323 

19,  323 

Inclination,  deg 

2.1 

3 

Right  Ascension  of  Ascending 
Mode,  deg 

292 

300 

Longitude,  deg 

114  W(Typical) 

TBD 

No  Requirement 

8.  lUS  Transfer  Burn  Data 

• Burn  Position,  Node 

Fourth 

Ascending 

F ourth 
Ascending 

• Burn  Window,  hr:min  GET 

05:35  to  05:54 

05:35  to  05:54 

9.  lUS/Status  at  Launch 

• lUS  Receiver 

ON 

ON 

• lUS  Transmitter 

OFF 

OFF 

10.  Satellite  Status  at  Launch 

• Transmitter 

ON 

TBD 

• Receiver 

ON 

TBD 

• Systems 

TBD 

T BD 
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Table  6-1.  Mission  Planning  Data  (Continued) 


Parameter 

DSP 

ESC 

11.  Thermal  Control  Requirements 

• Open  P/L  Bay  Doors,  after 
launch  (lUS  Constraint), hr 

0.5  to  1.5 

0.5  to  1.5 

• Maximum  Direct  Solar 
Illumination  on  Payload 
(Payload  in  Bay),  min 

20 

30 

• lUS  Thermal  Control 
Maneuver  Required  after 
Release,  min 

1 

Within  20  (if  in 
sunlight) 

Within  5 

1 

• Orientation  During  lUS 
coast  periods  (before 
lUS/SAT  Separation) 

lUS  longitudinal 
axis  normal  to 
solar  vector 
within  ±30  deg 

lUS  longitudinal 
axis  normal  to 
solar  vector 
within  ±30  deg 

• Thermal  Control  Maneuver 
During  lUS  coast  periods 

Roll  of  >0.75 
deg/ sec  with 
delays  of  up  to 
1 4 min  (not  to 
exceed  6 delays) 

Roll  of  3 to  6 
deg/ sec  with 
delay  not  greater 
than  5 min. 

12.  Deployment  Constraints 

• Payload  Bay  Sunlight 

Attach  RMS  and 
deploy  in 
darkness 

Deploy  in 
darkness 

• Payload  Telemetry 
Monitoring 

3 minutes  per 
RTS  pass  after 
P/  L bay  doors 
are  opened 

(TBD)  minutes 
per  RTS  pass 
after  P/  L bay 
doors  are 
opened 

• lUS  Transmitter  Activation 
and  Verification  by  RTS 

After  lUS  is 
extended  on  RMS 

After  lUS  is 
extended  on  RMS 

13.  Post  Release  Requirements 

• TUS  RCS  Enable  (after 
Release)  by  an  RTS  after 
achieving  safe  separation 
distance  (~200  ft),  min. 

Within  14 

W ithin  5 

• lUS  Separation  Burn 
(Contamination)  AV 
Constraint,  ft/sec 

<4 

TBD 

• Orbiter  Circularization 
Burn  after  P/L  Release, 

45  (after  separ- 
ation burn) 

None  Required 

min 

14.  Return  to  Earth 

Deorbit  Burn,  hr:min;sec 

20:1  3:32 

20:1  3:32  (est.  1 

Landing  at  KSC,  hr;min;sec 

21  :08:00 

21  :08:00  (est.  ) 
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APPENDIX  A: 


CONFIGURATION  SUMMARY 

This  Appendix  summarizes  the  baseline  configuration  data  used 
this  study. 

1 ORBITER  VEHICLE  CHARACTERISTIC  SUMMARY 
1.1  Mass  Properties 

1.1.1 

Solid  Rocket  Boosters 

Reference 

• 

Dry  Weight  (Burnout) 

345,398  lb 

A-1 

• 

Propellant  Weight 

2,220, 580  lb 

A-2 

• 

1.1.2 

Total  Weight  (liftoff) 
External  Tank  Weight 

2,565,978 

• 

Dry  Weight 

72,636  lb 

A-1 

• 

Propellant  Weight  (Ascent) 

1,  571,062  lb 

A-1 

• 

1.1.3 

Total  Weight  (Liftoff) 
Orbiter  Vehicle 

1,643,698  lb 

• 

Ofbiter  Inert  (without 
payload) 

132,054  lb 

A-1 

• 

SSME  (3)  Inert 

19,338  lb 

A-1 

• 

OMS  Propellant 

15,000  lb 

A-1 

• 

RCS  Propellant 

7,391  lb 

A-1 

• 

Non-Impulsive  Consumables 

3,579  lb 

A-1 

• 

Personnel (3) 

1,983  lb 

A-1 

• 

Cable  Air  and  Press. 

191  lb 

• 

A 

MPS 
T otal 

5,206  lb 
184,642  lb 

A-1 

T otal 


d 
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A. 1.1.4  Mission  Payload  Reference 


• DSP  Satellite  Weight 

2,738  lb 

A-3 

i>  lUS  Weight 

31, 955  lb 

A-4 

• Cradle  Weight 

2,500  lb 

A.  1.2  Dimensions 

A. 1.2.1  Overall  Dimensions 

A. 1.2. 2 Orbiter  Dimensions 

• Length  of  Cargo  Bay 

60  ft 

A-1 

• Diameter  of  Cargo  Bay 

15  ft 

A-1 

A.  1.3  Propulsion 

A.  1.3.1  Solid  Rocket  Booster 

• Vacuum  Thrust 

Table  A-1 

• Specific  Impulse 

Table  A-1 

A.  1.3.2  Main  Propulsion  System 

(3  engines,  each  as  described  below) 

• Sea  level  thrust 

375,000  lb 

> 

1 

• Vacuum  thrust 

470,000  lb 

• Sea  level  ISP 

363.2 

• Vacuum  ISP 

455.2 

• Mixture  ratio  (oxidizer/fuel) 

6.0 

Throttleable  from  50%  to  109% 

Gimballed  Nozzle:  +10.5  Pitch, 

±8.5  Yaw,  Roll  ±10.5  deg 

Operates  in  parallel  with  Solid  Rocket 
Boosters  from  launch  to  SRB  shutdown 


L 


Fixed  nozzle  area  ratio  of  77.5:1 
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Table  A- 1 . SRM  (Single  Motor)  Performance  at  Nominal 
Propellent  Mean  Temperature  (PMT)  = 70°F 


Time 

(S) 

Vacuum 

Thrust 

(lb) 

Vacuum 

ISP 

(S) 

0.  000 

0 

000. 00 

0.  099 

99457 

256.48 

0.  197 

828129 

259.  40 

0.  295 

1900000 

260.  77 

0.  296 

1915049 

260.  79 

0.  297 

1928243 

260. 85 

0.  394 

2539191 

261. 32 

0.4V3 

2776670 

261.  48 

0.  591 

2857859 

261. 50 

0.  690 

2884246 

261. 53 

0.  788 

2892365 

261. 48 

0.  887 

2893455 

261. 52 

0.  985 

2902514 

261. 51 

1. 971 

2926743 

261.48 

3.  941 

2991623 

261.46 

5.  911 

3057621 

261.43  1 

7.  881 

3092754 

261. 37 

9.  851 

31 14487 

261. 33 

1 1. 822 

3133986 

261. 28 

13.  792 

3153994 

261. 24 

15. 762 

3174001 

261. 20 

17.  732 

3191165 

261.16  1 

19.  702 

3208330 

261.13 

21. 673 

3190366 

261. 07 

23.  643 

3000722 

260.  93 

25.  613 

2913516 

260. 83 

27.  983 

2839914 

260.  76 

29. 553 

2771490 

260. 68 

31. 523 

2710478 

260. 6] 

33.  493 

2652712 

260. 54 

35.  464 

2596573 

260. 47 
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Table  A-1.  SRM  (Single  Motor)  Performance  at  Nominal  Propellent 
Mean  Temperature  (PMT)  = 70°F  (Continued) 


Time 

(S) 

. Vacuum 

Thrust 
(lb) 

Vacuum 

ISP 

(S) 

37.  434 

2543782 

260. 40 

39.  404 

2491499 

260. 33 

41.  374 

2439825 

260. 26 

43.  344 

2392923 

260. 20 

45. 314 

2359118 

260. 14 

47. 284 

2334045 

260. 09 

49. 255 

2297193 

260. 04 

51. 225 

2314559 

260. 02 

53.  195 

2329182 

260. 00 

55.  165 

2314667 

259.  97 

57.  135 

2333758 

259.  96 

59. 105 

2363612 

259. 96 

61. 075 

2393871 

259.  95 

63.  045 

2424131 

259.  95 

65. 015 

2450633 

259. 94 

66.  985 

2477746 

259. 94 

68. 956 

2505773 

259. 93 

70. 926 

2523341 

259. 91 

72. 896 

2536849 

259.  90 

74. 866 

2547108 

259.  88 

76.  836 

2555640 

259. 86 

78.  806 

2564173 

259.  84 

80.  776 

2539403 

259.  80 

82.  746 

2483463 

259.  73 

84. 716 

2433716 

259.  68 

86. 686 

2400824 

259.  62 

88. 656 

2367017 

259. 55 

90. 626 

2332804 

259.47 

92.  596 

2296967 

259.  39 

94. 566 

2258185 

259.  31 

96.  536 

2216357 

259.  22 
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Table  A-1,  SRM  (Single  Motor)  Performance  at  Nominal  Propellent 
Mean  Temperature  (PMT)  = 70°F  (Continued) 


Time 

(S) 

V acuum 
Thrust 
(lb) 

Vacuum 

ISP 

(S) 

98. 506 

2163359 

259.  12 

100.  476 

2110565 

259.04  j 

102.  446 

2061324 

258.  94  j 

104. 416 

2013810 

258.85  i 

106.  386 

1961624 

258.76  ! 

108. 357 

1908930 

258. 65 

no.  327 

1854206 

258.  55 

no.  819 

1812679 

258.49 

111. 020 

1793720 

258. 47 

111. 312 

1766177 

258. 43 

111. 804 

1694800 

258. 36 

112.  297 

1606568 

258.24 

112.  789 

1520061 

258.14  * 

113.  282 

1417004 

258.00  1 

1 1 3.  774 

1286432 

257.80 

1 114.267 

1150378 

257.  57  i 

1 114.759 

1027624 

257. 32 

115.  252 

917379 

257.  10  ' 

115.744 

816992 

256.91  i 

116. 237 

724424 

256.  71  ! 

116.  729 

638922 

256.50 

117. 222 

559157 

256.29  1 

117.714 

477869 

256.03  ' 

I 118.207 

403679 

255.  76  j 

1 118.699 

337508 

255.47  i 

1 119.192 

278863 

255.  1 6 

119.  684 

228035 

254. 83 

120.  177 

182629 

254. 48 

120. 669 

119069 

253.  81 

120. 886 

100000 

253.  49 

121.  162 

75776 

253.  09 

k Ji 
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r 

I Table  A 


1 

I 


-1,  SRM  (Single  Motor)  Performance  at  Nominal  Propellent 
Mean  Temperature  (PMT)  = 70®F  (Concluded) 


Time 

(S) 

Vacuum 

Thrust 

(lb) 

Vacuum 

ISP 

(S) 

121. 654 

50303 

252.45 

122.  147 

31868 

251. 74 

122.  639 

10246 

250.  95 

123.  132 

11102 

250.  12 

i 


1 

j 

i 


I 

1 

1 

3 
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A.  1.3. 3 OMS  Engines  (2  engines) 

• Thrust  (per  engine) 

, ISP 

• Mixture  ratio 


6000  lb 
313.2  sec 
1.65 


Reference 

A-1 


A.  1.3.4  RCS  Engines  (44  engines  6 of  which 
are  vernier  engines) 

• Thrust  (per  main  engine)  870  lb 

« Thrust  (per  vernier  engine)  25  lb 

• Igp  (main  engine)  289  sec 

• ^sP  engine)  228  sec 

• Maximum  duration  of  single  100  sec 

firing 

• Minimum  duration  of  single  0.03  sec 

firing 

A. 1.4  Aerodynamic  Data 

All  Aerodynamic  data  were  obtained  from  Reference  A-5. 

A.  2 lUS  VEHICLE  CH-A.RACTERISTICS  SUMMARY 

A.  2.1  Meiss  Properties 


• First  Stage  Weight 

• Second  Stage  Weight 
A . 2 . 2 Propulsion 

• First  Stage 


24, 030  lb 
7,925  lb 


• Thrust 

42,600 

• ISP 

290.28 

• Propellant  Weight 

21,571  lb 

Second  Stage 

• Thrust 

17430. 

• ISP 

294.55 

• Propellant  Weight 

6,056  lb 
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A.  3 RADAR  STATION  DATA 

The  type  and  locations  of  the  radar  tracking  stations  are  given 
in  Table  A-2.  In  addition,  two  TDRS  satellites  at  the  following 
geostationary  locations  were  used: 

TDRSl:  Lat  = 0°,  Long  = 189°E 

TDRS2:  Lat  = 0°,  Long  = 319°E 

A.  4 IVL'iIN  ENGINE  PROPELLANT  DUMP  MODEL 


Time  from  OMS-1 

Dump  Rate, 

Resultant  Thrust, 

Ignition,  sec 

Ib/sec 

lb 

0 - 165.48 

29.  7 

270 

165.48  - 175.48 

0.0 

0 

175.48  - 219.59 

6 . 6 

120 

Table  A-2.  Tracking  Stations 


Name 

DOD  SCF  Network 

Geodetic  Latitude, 
deg  North 

Longitude, 
deg  East 

Altitude, 

ft 

NH3  (Dual) 

42.95 

288.37 

692 

VTS  (Dual) 

34.82 

239.50 

1001 

HTS  (Dual) 

21.57 

201.74 

942 

lOS  (Single) 

-4.67 

55.48 

1936 

GTS  (Single) 

13.61 

144.85 

528 

TTS  (Single) 

76.52 

291.48 

466 

TEL -4  (Single) 

28.35 

279.31 

48 
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A.  5 LAUNCH  SITES 

Two  launch  sites  have  been  designated  to  support  the  STS  missions. 
The  eastern  site,  at  KSC,  will  support  low  and  medium  inclination  orbit 
missions.  The  western  site,  at  VAFB,  will  support  polar  and  near-polar 
orbit  missions.  Table  A-3  defines  the  launch  site  locations. 


Tables  A-3.  Launch  Sites 


Site 

Longitude, 

deg 

Geod.  Latitude, 
deg 

* 

Altitude  , 
ft 

Eastern  Pad  39A 

80.60413  W 

28.60842  N 

47.6 

(KSC)  Pad  39B 

80.621082  W 

28.626880  N 

52.6 

Western  Pad  B 

120.619694  W 

34.565639  N 

250 

(VAFB) 

Altitude  of  lowest  end  of  booster  above  the  reference  ellipsoid; 
add  ~ 100  ft  to  IMU  location. 


A. 6 LANDING  SITES 


The  STS  landing  sites  are  identified  and  described  in  Table  A-4. 
Table  A-4.  STS  Landing  Sites 


Landing  Site 
(Start  of  R-unway) 

Longitude, 

deg 

GEOC. 

Latitude, 

deg 

Altitude'^, 

ft 

True  Runway 
Bearing,  deg 

Eastern  (KSC) 

80. 70639  W 

28.47095  N 

42 

150 

Western  (VAFB) 

120.5650  W 

34.54173  N 

256 

316 

Edwards  (EAFB) 

117.8629  W 

34. 73770  N 

2300 

235 

Altitude  above  reference  ellipsoid. 
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Table  A-5.  ETR  MECO  Target 


MECO  Target  Conditions 

Altitude,  n.  mi. 

60 

Velocity,  ft/sec 

25668 

Flight  Path  Angle,  deg 

0.5 
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-Z  Attitude  sequence  is  yaw,  pitch. 


Figure  A-3.  Orbiter  Coordinate  System  Definition 
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APPENDIX  B 

REFERENCE  TRAJECTORY  LISTING 

This  appendix  presents  reference  trajectory  printouts  for  the 
nominal  Operations  Design  Mission  A ascent  and  on-orbit  operations.  On- 
orbit  reference  trajectories  are  included  for  each  of  three  consecutive  lUS 
first-burn  opportunities  following  the  nominal  (third  ascending  node) 
opportunity. 

Vehicle  and  propellant  weight  data  in  these  printouts  reflects  only 
propellant  used  for  translational  maneuvers.  Accurate  propellant  usage 
data  must  be  obtained  from  Section  5.  3 and  used  to  adjust  the  weights 
shown  in  the  reference  trajectories. 

The  print  mnemonics  are  defined  in  Section  B.  4. 


Nominal  Ascent 
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Nominal  Ascent  (Continued) 
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CREW  ACTIVITIES  PLAN  FORMAT 

(U)  In  order  to  ensure  good  communications  between  DOD  and  NASA 
mission  planning  and  flight  operations  personnel,  the  DOD  crew  activity 
planning  task  uses  similar  timeline  formats  and  conventions  to  those 
used  by  NASA. 

C.  1 TIMELINE  HEADINGS 


• HOUSTON  DATE:  THE  HOUSTON,  TEXAS  DATE  FOR  THE  START 

OF  EACH  PAGE  OF  THE  TIMELINE. 

• REV:  THE  ORBITAL  REVOLUTION(S)  SHOWN  ON  EACH  TIMELINE  PAGE, 

• GMT:  THE  GREENWICH  MEAN  TIME  AT  THE  START  OF  EACH  PAGE 
OF  THE  TIMELINE. 


• NAME  OF  THE  TIMELINE,  I.E.: 

0 SUMMARY  (7.5  HOURS/PAGE) 

0 DETAILED  (1.5  HOURS/PAGE) 

0 SEQUENCE  (XX  MINUTES/PAGE) 

• MISSION:  THE  NAME  OF  THE  MISSION  COVERED  BY  THE  TIMELINE. 

I ADI  ANGLES:  THE  ROLL,  PITCH  AND  YAW  ANGLES  PRESENTED  TO 

THE  CREW  IN  THE  LOCAL  VERTICAL-LOCAL  HORIZONTAL  COORDINATE  SYSTEM, 


MCC  CST 

HOUSTON  DOD 


PR.  .;'JE 
S35  :«rAc* 


(SAMSO  - MOS)  SPACE  SHUTTLE 

CREW  ACTIVITIES  PLAN 


HOUSTON  DATE 

REV 

GMT 

1 .i.-.: 

“U’- 

: D, 

CDR 

: : • ,r; 


MTftlLED  TI'liLINe-.  & 


MS 

•«'NIT''R  r/L  FUNCT!''N' 


(SEE  riG. 

> F09  0-15  min  / 
wofTAiL  y 


■ TV.h  ' •.  (101'. -K  ,8.0'  ":A:  *•., 

'o::e.4'  '■  Is’  ^ Mil,  :3.6  $tc.  -.v  ^rps  (-se  > it3  ow; 
'■'lo  .!’•  I 


Pfiv 
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MISSrUN 


• HOUSTON;  THIS  COLUMN  SHOWS  ALL  ACTIVITIES  REQUIRED  BY  THE 
JSC  MISSION  CONTROL  CENTER. 

I DOD:  THIS  COLUMN  SHOWS  ALL  ACTIVITIES  REQUIRED  BY  THE 

DEPARTMENT  OF  DEFENSE  MISSION  CONTROL  CENTER. 


CENTRAL  STANDARD  TIME  (LOCAL  HOUSTON,  TEXAS  TIME)  HOURS -.MINUTES 


TRACKING  COVERAGE  (START-STOP  TIMES) 

TDRS  - NASA  TRACKING  DATA  RELAY  SATELLITE 

STDN  - NASA  OPERATED  GROUND  STATIONS 
SCF-RTS  - DOD  OPERATED  GROUND  STATIONS 


GROUND  ELAPSED  TIME  - SINCE  LIFTOFF 


1 CDR;  COMMANDER 
IpLT;  PILOT 

|mS:  MISSION  SPECIALIST 

THESE  COLUMNS  SHOW  THE  TASKS 
PERFORMED  BY  EACH  CREW  MEMBER 
(REGARDLESS  OF  THE  WORK  STATION) 

1 

1 

.ITT  OFF 

SHUTDOWN 


•«NITOR  P/L  F'jNC::?N' 


; . :w{  -'A-.-  - «M  : 


: .'N  (180.-108.8,0) 

BT.  2 MIN  23.6  SEC,  ‘.V  _^7FP$  {''56  )■  163  ORBIT) 

B0[.«180  SU;  fO[pAP[  5J* 

• I'*  i’V.  HI 

A’’  . .V  ; n 

• f,  • . BAV  DOORS 


, :sm;p  I : a>  ^ r s, . 'Mr 

» ' mriroc 


\ 


L'M  PAyiDAD  RADIO  LiV 


ONE  MINUTE  INCREMENT 


HEIGHT  OF  PERIGEE  AND  APOGEE 


REFER  TO  AN  EXPANDED  TIMELINE  FOR  MORE  DETAIL 


C.2  TDvlE LINE  CONVENTIONS 
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GET  OF  JOR.’I 

ENGINE  BUR:,'S  (hooRS  .-SECONDS j_ 

ALL  E.NGINE  D’JRNS  ARE  BO.XED  IN  THE  SUi-MRY  AND  DETAILED 
TlilELiriES. 


• 'ACTIVITIES  IN  DOTTED  BOX' 


THESE  ACTIVITIES  ARE  FOR  INFOR'-'AT ION  AMO  ARE  EITHER: 
d)  NO i ESSE.JTIAL  TO  HISSIGN  sL-CCESS, 

b)  CONTINGENCY  ACTIVITIES,  OR 

c)  IjS/SAI  ACTWITIES  PERFORHED  in  CONCERT  NITH  0R3ITER  ACTIVITIES. 


CHECKLIST 


f THIS  IIEANS  TH.AT  THIS  PORTION  OF  THE  TIMELINE  IS  ACTUALLY 
FLO'.’N  USING  THE  SPECIFIED  CilCNLlST  UNTIL  A 


[return 


N TO  TIMELIN'E  IS  SHONi:  OR  ANOTHER  CHECKLIST  IS  SPECIEIED. 


. MSCRTI3N  :nrr  : 


'lONiTOP  p'L 


: '.'f>  •■an  - : 


IV.:.  •,  Oac.-iofl.e.o)  ,.s. 

2 •*is  23.6  SE,C.  •»  227rps  (~56  > 163  Sf*  Rb'.' 


’*  5 .A*  c 

«ETus‘i  TO  ’■r^rirvf  I 


: ACC’  :R£  *•.  Aavr : 


ft*.  • - BflV 


pAvuu:  PArio  L s 


DAY/HIGHT  CYCLE: 

• BLACK  1‘LANS  DARKNESS 

• NO  lTnE  MEANS  DAYLIGHT 

• DCrnlb  IINE  BEr,.EEN  DAYLIGHT/DARKNESS 


■f/'^IAL  MCC-DOD  ACTIVITY 


roi:;:  cox  not  issentiau,  to  mission  success 
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lUS  TIMELINE  FORMAT 


The  timeline  for  the  detached  lUS  is  shown  on  the  right  side  of 
the  crew  activity  timelines.  The  RTS-COVERAGE  column  shows  the 
RTS  tracking  available  for  lUS  flight  operations. 


lUS-RTS 

COVERAGE 


lUS  TlftLlNE 


|1  UPDATE  lUS  IMU  ALIGNMENT 
l|  DATA  USING  STAR  SCANNER 


MNVR  TO  BURN  AH. 


H lUS  CIRC  BURN  (09:05:24! 


, ^MNVR  TO  VfL.  CORR.  ATT. 

{— jiRCS  VEL.  CORR  BURN  I 
MNVR  TO  SEP  ATT.  DISABLE  lUS  RCS 
HbSP  SEP  FROM  I US  1 


ENABLE  lUS  ATT  CTL 
lUS  DISPOSAL  MNVR 


APPENDIX  D: 
ACRONYMS 
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ACT 

Activate 

' AFSCF 

Air  Force  Satellite  Control  Facility 

ANT 

Antenna 

AOS 

Acquisition  of  Signal 

1 APU 

Auxiliary  Power  Unit 

ATT 

Attitude 

: BT 

Burn  Time 

C&T 

Communication  and  Tracking 

C&W 

Caution  and  Warning 

’ CDR 

Commander 

CDRL 

Contract  Deliverable  Requirements 

List 

CIRC 

Circularization  (Burn) 

i 

CK 

Check 

C/L 

Checklist 

CMD 

Command 

c/o 

Checkout 

CONUS 

Continental  United  States 

CST 

Central  Standard  Time 

CTL 

Control 

DB 

Deadband 

D&C 

Display  and  Controls 

DOD 

Department  of  Defense 

DSP 

Defense  Support  Program 

1 

1 
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EAFB 

ACRONYMS  (Continued) 
Edwards  Air  Force  Base 

ET 

External  Tank 

ETR 

Eastern  Test  Range 

FLTSATCOM 

Fleet  Satellite  Communications 

FSC 

Fleet  Satellite  Communications 

GET 

Ground  Elapsed  Time 

GET 

Generalized  Linear  Tangent  (Guidance 

GMT 

Greenwich  Mean  Time 

GNC 

Guidance,  Navigation  and  Control 

GPC 

General  Purpose  Computer 

GPS 

Global  Positioning  System 

GTS 

Guam  Tracking  Station 

HTS 

Hawaii  Tracking  Station 

H/W 

Hardware 

HYD 

Hydraulic 

L/O 

Input/Output 

lOS 

Indian  Ocean  Station 

lUS 

Interim  Upper  Stage 

lUS/SAT 

Interim  Upper  Stage /Satellite 

JSC 

Johnson  Space  Center 

KBPS 

Kilobits  Per  Second 

KSC 

Kennedy  Space  Center 

LOS 

Loss  of  Signal;  ITne  of  Sight 
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LVLH 

ACRONYM  (Continued) 
Local  Vertical- Local  Horizontal 

MCC 

Mission  Control  Center 

ME 

Main  Engine 

MECO 

Main  Engine  Cutoff 

MOS 

Mission  Operations  System 

MOSD 

Mission  Operations  System  Definition 

MPS 

Main  Propulsion  System 

MS 

Mission  Specialist 

MSC 

Previous  name  for  JSC 

MSEC 

Marshall  Space  Flight  Center 

MSS 

Mission  Specialist  Station 

NASA 

National  Aeronautics  and  Space  Administration 

NAV 

Navigation 

NHS 

New  Hampshire  Station 

NPL 

Nominal  Power  Level 

OMS 

Orbital  Maneuvering  System 

ORB 

Orbiter  Vehicle 

OWD 

One  Way  Doppler 

PCM 

Pulse  Code  Modulation 

P/L 

Payload 

PLT 

Pilot 

PMT 

Propellant  Mean  Temperature 

PSS 

Payload  Specialist  Station 

RCS 

Reaction  Control  System 

RF 

Radio  Frequency 

RI 

Rockwell  International  Corporation 
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RMS 

RTS 

SAMSO 

SAT 

SCF 

SGLS 

SRB 

SRM 

SSME 

j 

STC 

I STDN 

( 

STS 
SV 

SVDS 
S/W,  SW 
TBD 
TDRS 
TDRSS 
TEL- 4 
TLM 
TR 


ACRONYMS  (Continued) 
Remote  Manipulator  System 
Remote  Tracking  Station 
Space  and  Missile  Systems  Organization 
Satellite 

Satellite  Control  Facility 

Space  Ground  Link  System 

Solid  Rocket  Booster 

Solid  Rocket  Motor 

Space  Shuttle  Main  Engine 

Satellite  Test  Center 

Space  Tracking  Data  Network  (NASA) 

Space  Transportation  System 
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ACRONYMS  (Continued) 


UMB 

Umbilical 

USAF 

United  States  Air  Force 

VAFB 

Vandenberg  Air  Force  Base,  California 

VTS 

Vandenberg  Tracking  Station 

X-FER 

Transfer 

X-MITTER 

Transmitter 
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APPENDIX  E: 

MISSION  PLAN  REVISIONS 

Subsequent  to  development  of  the  DSP  Mission  Plan  presented  in 
this  report,  several  changes  to  the  lUS  configuration  were  tentatively 
adopted.  These  were: 

1.  Incorporation  of  an  RF  link  between  the  Orbiter 
and  the  I US 

2.  Incorporation  of  a tilt  table  mechanism  for 
lUS  deployment. 

The  purpose  of  this  Appendix  is  to  describe  the  effects  of  these  changes 
on  the  DSP  Mission  Plan.  To  accomplish  this  purpose,  the  following 
topics  are  individually  addressed: 

• Nom  nal  Mission  A timeline  revision 

• Earliest  lUS  burn  opportunity 

• lUS  internal  power  requirement 

• lUS  state  vector  accuracy 

• Orbiter /lUS  relative  motion 

• Mission  flexibility 

E.l  NOMINAL  MISSION  A TIMELINE  REVISION 

Figure  E-1  shows  the  revised  Mission  A timeline  accounting  for 
the  lUS  configuration  changes.  The  revised  timeline  is  based  upon 
the  fourth  ascending  node  transfer  opportunity  and  the  14:50:02  GMT 
launch  time  as  reflected  in  the  original  mission  plan.  The  principal 
differences  from  the  original  mission  plan  are  as  follows: 

• Activation  and  checkout  of  the  lUS  is  performed  during 
the  20  min  period  ending  at  3:12:00  GET.  This  period 
of  activity  is  scheduled  to  occur  in  conjunction  with  an 
RTS  pass  to  support  checkout  of  the  lUS  TT&C  system. 
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These  operations  occur  about  70  min  later  than  in 
the  original  plan.  Particularly  noteworthy  is  the 
provision  for  TT&C  system  checkout  without  extending 
the  lUS  on  the  RMS.  It  is  assumed  that  erecting  the 
lUS  on  the  tilt  table  makes  this  checkout  possible. 

• lUS  deployment  is  accomplished  during  the  darkness 
period  ending  at  4:19:00  GET.  This  is  one  revolution 
later  than  the  original  mission  plan  because  the  RF 
link  between  the  Orbiter  and  lUS  eliminates  the  need 
for  two  RTS  passes  between  deployment  and  the  first 
lUS  burn.  Release  from  the  RMS  is  scheduled  to 

occur  at  sunrise  to  conform  with  current  NASA  guidelines. 

• lUS  attitude  control  is  initiated  by  a command  from  the 
Orbiter  after  a separation  distance  of  200  ft  is  achieved. 

This  occurs  within  2 min  of  completion  of  the  separation 
burn  and  is  independent  of  ground  stations. 

• The  Orbiter  crew  verifies  achievement  of  the  10  n.mi. 
safe  separation  distance  64  min  after  the  separation 
burn.  Handover  of  autonomous  lUS  control  authority 
to  the  DOD  MCC  is  accomplished  at  this  time. 

• At  05:41:00  GET,  the  DOD  MCC  authorizes  initiation 
of  the  lUS  mission  sequence.  The  NASA  MCC  relays 
this  authorization  to  the  Orbiter  crew  who,  in  turn, 
send  the  necessary  commands  to  the  lUS . This  is 

I accomplished  without  RTS  support.  From  this  point, 

[ the  m ssion  proceeds  as  presented  in  the  body  of  this 

I report. 

i E.2  EARLIEST  lUS  BURN  OPPORTUNITY 

Based  upon  the  configuration  used  to  develop  the  original 
‘ Mission  A plan,  it  was  concluded  that  the  earliest  lUS  burn  opportunity 

I (neglecting  satellite  deployment  longitude  requirements)  occurred  in 

the  vicinity  of  the  fourth  descending  node.  Figure  E-2  shows  the  minimum 
duration  lUS  deployment  timeline  taking  into  account  the  configuration 
^ changes  identified  above.  In  this  ideal  case,  45  min  elapse  between 

the  Orbiter  separation  burn  and  the  Start  Mission  Sequence  Command. 

A period  of  darkness  is  scheduled  to  end  52  min  before  the  lUS  transfer 
burn  so  that  lUS  release  from  the  RMS  occurs  at  sunrise.  Mininum 
' duration  also  requires  that  an  RTS  be  available  appr oxim.itely  85  min 

before  the  lUS  burn  to  facilitate  checkout  of  the  lUS  TT&C  system 
! (if  required). 


L 
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Referring  back  to  Figure  4-3,  it  is  apparent  that  the  lUS 
activation  and  checkout  could  begin  as  early  as  77  min  after  liftoff. 

Thus,  the  earliest  possible  time  for  performing  the  first  lUS  burn  is 
2 hr  57  min  after  liftoff.  This  time  is  17  min  after  the  second  ascending 
node,  so  the  first  burn  would  have  to  be  delayed  until  the  vicinity  of  the 
third  descending  node.  Therefore,  it  is  concluded  that  the  lUS  con- 
figuration changes  could  permit  the  first  lUS  burn  to  be  performed  as 
early  as  the  third  descending  node.  This,  however,  requires  con- 
straining the  launch  time  to  provide  a period  of  darkness  at  the  desired 
deployment  time.  If  the  launch  time  is  left  unconstrained,  the  period 
of  darkness  can  vary  by  as  much  as  90  min.  Since  lUS  release  is 
currently  constrained  by  NASA  guidelines  to  occur  at  sunrise,  up  to 
a one  revolution  delay  in  lUS  deployment  may  be  incurred.  This  means 
that,  in  the  worst  case,  the  first  lUS  burn  could  still  occur  as  early 
as  the  fourth  descending  node. 

E.3  lUS  INTERNAL  POWER  REQUIREMENT 

One  benefit  of  the  configuration  changes  is  the  fact  that  the  lUS 
can  be  switched  to  internal  power  later  in  the  deployment  sequence, 
thereby  reducing  the  battery  lifetime  requirement.  The  original  mission 
plan  (Figure  4-3)  called  for  switching  to  internal  power  by  2:29:00  GET 
and  deactivating  the  lUS  after  9:17:00  GET  yielding  a minimum  battery 
lifetime  of  6 hr  48  min.  It  should  be  noted  that  the  DSP  longitude 
requirement  was  very  favor.ible.  For  other  longitudes,  RTS  passes 
might  require  deployment  several  revolutions  before  the  first  burn. 

For  example,  satellite  deployment  at  7 deg  West  Longitude  would 
require  the  lUS  transfer  burn  to  occur  in  the  vicinity  of  the  14th  ascending 
node.  A six-hour  gap  in  RTS  coverage  exists  in  this  period,  thereby 
resulting  in  a six-hour  coast  period  between  the  lUS  RCS  enable  and  the 
SRM  enable.  A 12-hr  battery  lifetime  would  be  required  to  accomplish 
this  mission. 
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The  switch  to  internal  power  occurs  during  the  lUS  activation  and 
checkout  operations  which  are  shown  in  Figure  E-2  to  occur  between 
80  and  100  m nutes  before  the  lUS  transfer  burn.  This  yields  a minimum 
battery  lifetime  requirement  of  5 hr  12  min  if  the  same  transfer  as 
presented  in  the  original  plan  is  used. 

As  described  in  the  previous  section,  the  worst  case  daylight/ 
darkness  cycle  could  require  deployment  of  the  lUS  up  to  90  minutes 
earlier  than  ideal.  This  would  increase  the  battery  lifetime  requirement 
to  a minimum  of  6 hrs  42  min. 

Finally,  if  the  lUS  transfer  burn  were  to  be  made  at  a different 
node  in  order  to  achieve  a different  satellite  deployment  longitude,  a 
further  increase  in  battery  life  may  be  required.  It  is  assumed  that 
an  RTS  pass  is  required  to  support  the  lUS  activation  and  checkout 
operations.  Figure  5-7  shows  ihat  station  passes  generally  occur  at 
one  to  two  hour  intervals,  but  that  gaps  lasting  up  to  six  hour  exist.  Thus, 
it  m.\y  be  necessary  to  perform  the  checkout  up  to  six  hours  earlier 
than  ideal.  Therefore,  using  the  transfer  trajectory  selected  for  the 
original  Mission  A plan,  the  battery  lifetime  requirement  could  still 
be  on  the  order  of  12  hr.  This  could  be  reduced  by  six  hours  if 
recharging  of  lUS  batteries  by  the  Orbiter  were  performed  after 
switching  to  lUS  internal  power. 

E.4  lUS  STATE  VECTOR  ACCURACY 

The  accuracy  of  the  lUS  state  vector  at  the  time  of  the  transfer 
burn  significantly  affects  the  accuracy  with  which  the  satellite  deploy- 
ment orbit  can  be  established.  The  state  vector  accuracy  is  closely 
related  to  the  amount  of  time  between  state  vector  initialization  from 
the  Orbiter  and  the  lUS  transfer  burn.  Figure  E-2  shows  that  the 
minimum  time  between  these  events  is  64  minutes.  As  discussed 
in  Section  E.2,  the  worst  case  daylight/darkness  cycle  could  cause 
IU3  df'ployment  to  occur  up  to  90  minutes  earlier  than  ideal.  Thus,  the 
maximum  expected  time  span  between  state  vector  initialization  and  the 
[US  transfer  burn  is  2 hrs  34  m'n. 
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E.5  ORBITER/IUS  RELATIVE  MOTION 

The  DSP  m’ssion  requirements  specify  that  the  Orbiter/IUS 
separation  burn  should  be  a 4 EPS  forward  RCS  translation.  In 
Section  5.7  it  was  shown  that  the  required  10  n.mi.  separation  distance 
for  the  first  lUS  burn  v/as  easily  achievable  using  this  separation 
technique  because  of  the  1.5  hour  coast  period  following  separation. 

For  the  minimum  duration  coast  period  (45  minutes)  shown  in  Figure 
E-2,  this  separation  technique  cannot  provide  the  required  distance. 

Figure  E-3  shows  the  separation  that  results  in  a 10  n.mi.  separation 
distance  as  a function  of  the  coast  time.  AV's  greater  than  4 FPS  (the 
limiting  value  from  a contamination  standpoint)  are  required  if  the  coast 
period  is  less  than  64  minutes.  To  overcome  this  problem.  NASA  lias 
suggested  deploying  the  lUS  with  the  Orbiter  and  lUS  aligned  with  the 
radial  direction.  The  Orbiter  then  separates  with  a 1 FPS  radial  AV 
followed  by  a larger  retrograde  AV  after  the  Orbiter  has  moved  away 
several  hundred  feet.  Figure  E-3  shows  the  magnitude  of  the  retro- 
grade AV  to  be  comparable  to  the  single  impulse  AV.  Thus,  about  1 FPS 
penalty  is  incurred  using  this  alternative  technique.  In  order  to  stand- 
ardize operations,  it  would  be  desirable  to  adopt  the  same  separation 
method,  including  AV  m.agnitude,  regardless  of  the  available  separation 
coast  time.  j 

E.6  MISSION  FLEXIBILITY  i 

Without  the  RF  link,  it  was  necessary  to  closely  control  the  time 
of  launch  in  order  to  coordinate  periods  of  darkness  with  ground  station 
coverage.  With  the  link,  considerable  freedom  .exists  to  select  the  timt- 
of  launch.  Two  criteria  for  establishing  launch  time  are  identified  as 
follows; 

1.  Select  the  time  of  launch  to  provide  the  ideal  day /night  i 

cycle  for  payload  deployment  as  depicted  in  Figure  E-2. 

This  permits  no  control  over  the  right  ascension  of  the  = 

ascending  node  of  the  Orbiter  parking  orbit  which,  in 

turn,  affects  the  accessible  DSP  deployment  longitude.  1 


k. 
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Figure  E-4  shows  the  accessible  longitudes  as  a function 
of  launch  time  for  the  DSP  mission  plan  contained  in  this 
report  (i.  e.  , 1 January  1981  launch  date,  4th  ascending 
node  lUS  transfer  opportunity,  137  ±6  deg  West  longitude 
DSP  deployment  point).  The  larger  shaded  region  shows 
the  acceptable  launch  times  if  the  target  orbit  right 
ascension  of  ascending  node  is  fixed  at  292  deg.  Iji  this 
case,  the  137  deg  deployment  longitude  can  be  reached  if 
launch  occurs  anytime  between  14:15:00  GMT  and  22:15:00 
GMT.  If  a six  degree  tolerance  on  deployment  longitude  is 
allowed,  launch  can  occur  any  time  of  the  day. 

If  the  target  orbit  right  ascension  of  the  ascending  node 
is  allov.ed  to  vary  between  250  deg  and  340  deg  as 
discussed  in  Section  3.2.1,  the  smaller  shaded  region 
of  Figure  E-4  also  becomes  accessible.  In  this  case, 
the  137  deg  Ic^ngitude  can  be  achieved  for  all  launch 
times  exclusive  of  the  period  from  01:30:00  to  11:20:00 
GMT.  The  largest  error  in  longitude  that  would  have 
to  be  tolerated  is  4.8  deg  which  results  from  launch 
occurring  at  06:12:00  GMT. 

2.  Select  the  time  of  launch  to  provide  a parking  orbit  right 
ascension  of  ascending  node  that  permits  satellite  deploy- 
mcnt  at  the  desired  longitude.  As  shown  in  Figure  E-4, 
this  excludes  launch  during  about  10  hours  of  the  day. 

In  this  case,  the  day/night  cycle  for  lUS  deployment  is 
not  necessarily  ideal.  The  time  between  lUS  deployment 
and  the  first  burn  will  increase  thereby  affecting  mission 
accuracy,  battery  life  requirements,  RCS  propellant 
consumption  and  overall  reliability. 

Ooviously,  these  two  crileria  are  in  conflict.  Therefore,  a 
tradeoff  would  be  required  to  consider  the  relative  importance  of  the 
advantages  available  by  varying  the  time  of  launch. 
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